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• , ; ABSTRACT 
. d i s t r i b u t i o n s of Sander l ing and Turnstone 
were det,ern|liied ^for. the south s i d e of the Tees E s t u a r y . 
rLocatiot i , of ; r o o s t i n g s i t e s and the movement of the t i d e 
were the major f a c t o r s a f f e c t i n g movement p a t t e r n s of 
these ,two s p e c i e s . The. i n v e r t e b r a t e s p e c i e s N'erine. 
!Bathyporeia and Eurydicej i were observed to comprise 
v i r t u a l l y a l l of the S a n d e r l i n g ' s open-beaCh d i e t . 
E x t e n s i v e sampling of. these three prey spec i e s showed a 
p r e d i c t a b l e occurrence a long the beach with each species; 
most c6mm0n a t ' a; p a r t i c u l a ; r t r a n s e c t and d i s t a n c e below 
the High Water Mark;,? (e .g . ; , Nerine wa,^  most abundant a t 
50 to 90 metres below the HWM).' The t imes when these 
bands became a v a i l a b l e to ' foraging S a n d e r l i n g helped .,to 
determine the movement p a t t e r n s of the b i r d s . 
D e t a i l e d s t u d i e s of the feeding behaviour of 
S a n d e r l i n g showed three main forag ing techniques: probe 
f e e d i n g , watert-column feed ing and s t i t c h f eed ing . The ; 
f i r s t two of these techniques h a v e . a v i s u a l component, 
( the Pause p o s i t i o n ) . S w i t c h i n g occurred'between these 
two techniques but was uncommon between the water coiumn , ^ 
and s t i t c h technique (which was a t a c t i l e feeding method). 
When f e e d i n g , S a n d e r l i n g o r i e n t e d themselves so ,1;hat they : 
could watch the progress of the-waves . ;; 
Colour-marked i n d i v i d u a l s of both S a n d e r l i n g and 
Turnstone helped to determine movement, p a t t e r n s , f i d e l i t y 
to s i t e w i t h i n a season and s u r v i v a l and f i d e l i t y 
I l l 
•y^ K ^ 
•between seasons . M o r t a l i t y r a t e s f o r Turnstone'were es -
p e c i a l l y low; f i d e l i t y was h i g h f o r both s p e c i e s . 
Feeding o b s e r v a t i o n s on w i n t e r Turnstbne showed 
both d i s p e r s e d and concentrated s i t u a t i o n s . While, aggres-
s ion was seldom observed f o r S a n d e r l i n g , i t was common 
1 f o r Turns tone , Two main types of a g g r e s s i v e encounters 
were obser.yed f o r the .Turnstone and were determined 
mainly by;:the p o t e n t i a l ' p a y o f f ' of the encounter. The 
j;;suggestion: i s advanced t h a t aggress ive p a t t e r n s may .help 
!;to determine the d i s p e r s i o n of the Turnstone . Aggression 
iinay a l s o h e l p to determine the feeding l o c a t i o n of th?..-
;  j u v e n i l e s . 
\ ; f , : • Observat ions of breeding Turnstone ( F i n l a n d ) 
present , a p i c t u r e of comniunal feeding ( a i d i n g ini 
predator awareness).^ high, n e s t i n g concentra t ions and 
numerous , intera;ct iohs wi th the l a f i d s p e c i e s p r e s e n t . 
The l a t t d r i n c l u d e extensiive robbing of l a r i d ^ eggs by 
Turns tone . Although the feummer and wintei? Turnstone 
popula t ions have d i f f e r e n t 'wintering grounds, there are 
v a l u a b l e comparisons to be made. 
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CHAPTER 1 , INTRODUCTION 
The b a s i c p rob lem o f ecology i s d e t e r m i n i n g the 
causes o f d i s t r i b u t i o n and abundance o f organisms (Krebs 
1 9 7 2 ) . W i t h i n t h e f e e d i n g a r e a s , the d i s t r i b u t i o n o f 
b i r d s may be a f f e c t e d by t h e d e n s i t y o f b o t h t h e p rey 
and t h e b i r d s t hemse lves (Cody 1974, Goss-Cus ta rd . 
A s c a r c i t y o f f o o d may cause c e r t a i n wader spec ies t o 
l e a v e an e s t u a r y (Dav idson 1 9 6 6 ) . D i s t r i b u t i o n s o f b i r d s 
amongst n e i g h b o u r i n g e s t u a r i e s have been c o r r e l a t e d w i t h 
f o o d d e n s i t y ( f o r Cur lew and Redshank see Goss-Custard 
e t . a l . 1977a ) . A s i m i l a r p rocess may be d e t e c t a b l e 
w i t h i n a s i n g l e e s t u a r y . 
T h i s t h e s i s concerns t h e f e e d i n g ecology and 
f o r a g i n g b e h a v i o u r o f T u r n s t o n e , A r e n a r i a i n t e r p r e s ( L . ) ~ 
and S a n d e r l i n g , C a l i d r i s a l b a ( P a l l a s ) , p r i m a r i l y a t 
Teesmouth, n o r t h e a s t E n g l a n d , an i m p o r t a n t w i n t e r i n g 
s i t e f o r b o t h s p e c i e s . Of s p e c i a l concern a re two m a j o r 
p r o b l e m s : how t h e b i r d p o p u l a t i o n s d i s t r i b u t e themselves 
i n space and t i m e i n r e l a t i o n t o t h e i r p r e y ; and, by 
what methods they e x p l o i t t h e i r p r e y . Most a t t e n t i o n i s 
p a i d t o S a n d e r l i n g , s i n c e t he range o f prey they t ake i s 
l i m i t e d and o b s e r v a t i o n a l a c c e s s i b i l i t y was g r e a t e r . ' 
A d d i t i o n a l i n f o r m a t i o n i s p re sen ted f r o m Turnstone,* 
p a r t i c u l a r l y i n r e l a t i o n t o t he i n f l u e n c e o f s o c i a l 
b e h a v i o u r o f t h e b i r d s i n m o d i f y i n g t h e i r own d i s t r i b u t i o n 
A compar ison o f the two spec ie s h e l p s t o draw c o n c l u s i o n s 
SOCT 1982 ) 
o f t h e b e n e f i t s b i r d s o b t a i n f r o m t h e i r s o c i a l h a b i t s . 
S t u d i e s o f T u r n s t o n e on t h e i r b r e e d i n g grounds i n 
F i n l a n d add f u r t h e r i n f o r m a t i o n to t h e e f f e c t s s o c i a l 
b e h a v i o u r has on m o d i f y i n g d i s t r i b u t i o n . Behav iou r must 
be v iewed i n b o t h i t s s o c i a l and e n v i r o n m e n t a l c o n t e x t 
( S m i t h 1977)» and y e a r - r o u n d s t u d i e s h e l p c l a r i f y t he 
r o l e p l a y e d by s o c i a l b e h a v i o u r . 
A l t h o u g h p r o l o n g e d c o l d p e r i o d s may b r i n g l a r g e 
w i n t e r m o r t a l i t i e s ( P i l c h e r e t . a l , 1974) t h e r e i s l i t t l e 
ev idence t o s u p p o r t t h e i d e a t h a t waders f a c e heavy l o s s e s 
d u r i n g most w i n t e r s (Goss -Cus ta rd 1980) . C o m p e t i t i o n , i f 
i t i s more acu te on t h e w i n t e r g rounds , may make t h i s 
season a f o c a l p o i n t f o r i n t e n s e s e l e c t i o n , l e a d i n g t o 
i n c r e a s e d prey r e s t r i c t i o n (Schooner 1971 , Baker & Baker 
1973 ) . ( I n c r e a s e d c o m p e t i t i o n has n o t been f o u n d f o r 
w i n t e r i n g waders i n a t r o p i c a l a r ea , D u f f y e t . a l 1981. ) 
W h i l e S a n d e r l i n g and T u r n s t o n e seldom have e x c l u s i v e use 
o f any p a r t i c u l a r f e e d i n g a r e a , t h e i r f o r a g i n g mechanisms 
i s o l a t e them f r o m most o t h e r s p e c i e s . T h i s s i m p l i f i e s 
any f i e l d approach and a l l o w s t h e o b s e r v e r t o c o n c e n t r a t e 
on i n t r a s p e c l f i o i n t e r a c t i o n s . The m a j o r d i f f i c u l t y 
t h e n , i s i n d i s s o c i a t i n g b e h a v i o u r a l i n t e r a c t i o n s o f 
c o n s p e c i f i c s f r o m t h e e f f e c t s o f the env i ronment and prey 
p o p u l a t i o n s o f the b i r d s . 
S a n d e r l i n g , n o r m a l l y c o n s i d e r e d a b i r d o f sandy 
beaches , breed i n S i b e r i a and Greenland and winter in 
Europe and A f r i c a ( P r a t e r & Davies 1978) . The average 
w i n t e r p o p u l a t i o n i n Europe ( b e l i e v e d t o be o f t h e S i b e r i a n 
p o p u l a t i o n ) has been e s t i m a t e d a t 14 ,300, o f w h i c h , 
10,300ft w i n t e r i n B r i t a i n ( P r a t e r & D a v i e s ) . Up t o c. 
1200 S a n d e r l i n g may occu r a t Teesmouth, As t h e r e i s an 
a p p r e c i a b l e t u r n o v e r o f t h e p o p u l a t i o n d u r i n g t h e autumn, 
w i n t e r and s p r i n g , more i n d i v i d u a l s use Teesmouth than 
a re i n d i c a t e d by t h e peak c o u n t s . The a rea serves as a 
s t o p p i n g p o i n t and a m o u l t i n g and f a t t e n i n g ground f o r 
b i r d s c o n t i n u i n g f u r t h e r s o u t h i n au tumn. 
T u r n s t o n e o c c u r r i n g i n B r i t a i n b e l o n g t o two 
p o p u l a t i o n s ; B r i t i s h w i n t e r i n g b i r d s w h i c h b reed i n 
Green land and n o r t h - e a s t Canada, and B r i t i s h passage 
b i r d s w h i c h b reed m a i n l y i n F i n l a n d and e lsewhere i n 
n o r t h e r n Europe (Branson e t . a l . 1979). Compared w i t h 
S a n d e r l i n g , much l e s s p r e c i s e e s t i m a t e s are a v a i l a b l e f o r 
p o p u l a t i o n s i z e s , b u t a t l e a s t 12,000 Turns tone w i n t e r 
a round the B r i t i s h I s l e s (Branson e t . a l . 1978) o f which 
c . 350 w i n t e r a t Teesmouth. Turns tone a r e n o r m a l l y 
c o n s i d e r e d a b i r d o f r o c k y s h o r e s . 
Study S i t e s 
Two main h a b i t a t s a r e u t i l i z e d by S a n d e r l i n g 
and Tu rns tone , a long vhe coas t s o u t h o f the R i v e r Tees 
( F i g . 1 . 1 ) . The c a l c a r c a o u s sandstone o u t c r o p s , Coatham 
Rocks and Redcar Hocks , form t h e main l o w wate r f e e d i n g 
zones, a l o n g w i t h t h e s l a g - p i l e s or "German C h a r l i e s " , 
F i g u r e 1 . 1 . The c o a s t a l r o c k and beach areas sou th 
o f t h e R i v e r Tees, I n s e r t i n r i g h t hand 
c o r n e r shows the l o c a t i o n o f t h e e s t u a r y 
i n n o r t h e a s t I l n g l a n d . 
S . S . S . I . - S i t e o f S p e c i a l S c i e n t i f i c 
I n t e r e s t 




a d j o i n i n g South Gare . The o t h e r main h a b i t a t i s t h e sand 
beach a r e a o f Coatham Sands and Redcar Beach. A d d i t i o n a l 
h a b i t a t s a re t h e o u t c r o p s o f S a l t b u r n , a p p r o x i m a t e l y 
8 km s o u t h o f t h e main f e e d i n g area and B r a n Sands, 
t he o n l y r e m a i n i n g i n t e r t i d a l f l a t s on the s o u t h s i d e 
o f t he e s t u a r y . The most p r o d u c t i v e area o f t h e "German 
C h a r l i e s " and the r o c k o u t c r o p s are exposed f o r about 
two hour s e i t h e r s i d e o f l ow wa te r on . j spr ing t i d e s and 
somewhat l e s s on neaps . The c o a s t a l sands, w h i l e b e i n g 
a v a i l a b l e f o r most o f t h e t i d a l c y c l e a r e g e n e r a l l y 
c o n s i d e r e d ' e x p o s e d ' o n l y when wave-washed. 
Con ten t s o f t h e Thes i s 
I n Chapte rs 2 and 3 , I e x p l o r e , r e s p e c t i v e l y , 
t h e d i s t r i b u t i o n s o f t h e main I n v e r t e b r a t e prey o f 
S a n d e r l i n g and o f t h e b i r d s t hemse lves , and d i s c u s s the 
r e l a t i o n s between p r e d a t o r and p r e y . I ask f i r s t what 
would be t h e expec ted d i s t r i b u t i o n o f S a n d e r l i n g and t h e n , 
what i s t h e observed d i s t r i b u t i o n o f t h e b i r d s . I f 
d i f f e r e n c e s o c c u r , what a r e t h e p o s s i b l e reasons t o 
accoun t f o r t h e d i f f e r e n c e s ? 
Chap te r 4 p r e s e n t s a d e t a i l e d a n a l y s i s o f t h e 
f o r a g i n g methods and b e h a v i o u r s used by S a n d e r l i n g 
when f e e d i n g on i n v e r t e b r a t e s on sandy.', beaches. What 
a re t he f a c t o r s a f f e c t i n g t he f o r a g i n g p a t t e r n s o f 
S a n d e r l i n g and how are c o n s t r a i n t s i n c o r p o r a t e d i n t o 
t h e i r f e e d i n g s t r a t e g y ? Chapte r 4 i s the most impor tan . t -
o f t h e t h e s i s . The r e s u l t s o f t h i s chaptcfr a re used t o 
d i s c u s s t h e i m p o r t a n c e o f s o c i a l b e h a v i o u r i n m o d i f y i n g 
f e e d i n g d i s p e r s i o n p a t t e r n s . I d i s c u s s t h e d i s p a r i t y 
between l a b o r a t o r y s t u d i e s and f i e l d - b a s e d s t u d i e s , and 
t h e need t o guard a g a i n s t ca i re less e x t r a p o l a t i o n . 
A d d i t i o n a l i n f o r m a t i o n on movement o f S a n d e r l i n g 
between f e e d i n g s i t e s n o r t h and sou th o f t h e R i v e r Tees, 
and on y e a r - t o - y e a r s u r v i v a l o f S a n d e r l i n g , c o l l e c t e d 
d u r i n g t h e s t u d y , a r e p r e s e n t e d i n a s p e c i a l Appendix 
( • 3 . 1 ) . 
Chapter 5 c o n s i d e r s aspects o f s o c i a l b e h a v i o u r 
o f f o r a g i n g T u r n s t o n e a t Teesmouth. A l o o k a t a g g r e s s i v e 
p a t t e r n s h e l p s t o u n d e r s t a n d t h e mechanisms l e a d i n g t o 
t h e i r obse rved d i s t r i b u t i o n . I n a s^pecial ' .Appendix '(<5.H), 
I c o n s i d e r f o r a g i n g b e h a v i o u r on Turns tone b r e e d i n g 
grounds i n F i n l a n d , where f o r a g i n g i s se t i n t h e c o n t e x t 
n o t o n l y o f i n d i v i d u a l s u r v i v a l b u t o f i n c r e a s i n g s u r v i v a l 
chances o f c h i c k s . The d i s c u s s i o n which c l o se s t h i s 
A p p e n d i x , compares T u r n s t o n e b e h a v i o u r i n t he very 
d i f f e r e n t c o n t e x t s o f w i n t e r s u r v i v a l and the b r e e d i n g 
season . 
F i n a l l y , i n Chapte r 6 , I d i s cus s s i m i l a r i t i e s 
and d i f f e r e n c e s between t h e f o r a g i n g of S a n d e r l i n g and 
T u r n s t o n e i n t h e l i g h t o f t h e i r degree o f o p p o r t u n i s m 
shown i n e x p l o i t a t i o n o f new food .•source's and t he extent 
to wh ich s o c i a l b e h a v i o u r f u n c t i o n s i n a l l o w i n g b i r d s t o 
s u c c e s s f u l l y u t i l i z e t h e i r h a b i t a t s . 
CHAPTER 2. DISTRIBUTION AND .Dl-iNSITIES OF THE INVERTEBBATE 
PREY OF SANDERLING ALONG COATHAM SANDS 
2.1 I n t r o d u c t i o n 
Studios on i n t e r t i d a l zonation. have centred on 
rocky shores, where the d i s t r i b u t i o n of the macrofauna i s 
an obvious f e a t u r e (Eltinghham 1971). Although p a r t i c u l a t e 
shores have a shallower gradient than those of rocky 
shores, the fauna i n h a b i t i n g them show zonal patterns 
(Newell 1970), Beach-inhabiting species can occur over 
very wide ranges of t i d a l heights (Watkin 1940). The 
zonation of beach macrofauna have important consequences 
on t h e i r predators' feeding s t r a t e g i e s . 
A series of sampling programmes was undertaken 
to determine the d i s t r i b u t i o n and abundance of the 
pote n t i a l - beach prey of Sanderling. Three main questions 
are posed: i ) what are the d i s t r i b u t i o n s of the 
macrofauna on Coatham Sands; i i ) what i s the p r e d i c t a b i l i t y 
of the prey species (how do the d i s t r i b u t i o n s change 
from one sampling date to the n e x t ) ; and i i i ) do the prey 
e x h i b i t r e g u l a r , random or clumped dispersion patter n s . 
Although a l l i n v e r t e b r a t e macrofauna were 
re t a i n e d during sampling, the study focused on the three 
species of greatest importance; the polychate Nerine 
G i r r a t u l u s (Delle C h i a j e ) , the amphipod Bathyporeia 
pelagica (Bate) and the isopod Eurydice pulchra (Leach). 
These species have been studied throughout the B r i t i s h 
coast and each has been shown to occur i n r a t h e r well 
defined zones. Brady (1943) found t h a t Nerine favoured 
prolonged periods of exposure between t i d e s and t h r i v e d 
on clean sand, occ u r r i n g to a depth of 22.5 cm. At 
the very exposed beach of Stoupe Beck (Gray and Rieger 
1571), Nerine was the dominant polychaete. Eurydipe 
p r e f e r s the upper beach and occurs i n the top 5 cm of 
sand (Brady 1943). Scott (1960) reported Eurydice being 
found over the e n t i r e beach at V i l l a g e Bay, St, K i l d a , 
w i t h a maximum d i s t r i b u t i o n around mid-tide l e v e l . 
Four species of Bathyporeia are usually mentioned i n 
i n t e r t i d a l studies (Mclntyre 1968, Newell 1970). A l l 
four species show a d e f i n i t e laonation, w i t h one species 
r e p l a c i n g the next from high- t i d e ' mark to l o w - t i d e mark 
(Watkin 1939). While the species found i n the coastal 
sands at Teesmouth i s mainly B. Pel agio a., some B, p i l o s a 
probably occur. On exposed shores, B. pelagica i s the 
dominant amphipod (Mclntyre 1968, Gray & Rieger 1971). 
No major behavioural d i f f e r e n c e s occur between these 
two species and a l l f u r t h e r reference i s made to B, 
pelagica. Behavioural and seasonal patterns of the 
three main prey species are discussed when considering 
the passible c o n s t r a i n t s the prey place on the Sanderling, 
.2.2 Methods 
Sampling was done on Coatham Sands (the major 
feeding area of the Sanderling) during the winters of 
1977-78 and 1978-79. A l l samples were returned to 
Durham i n l a b e l l e d polytheme bags and washed through 
a 20 mesh per inch (mpi) sieve over a 30 mpi sieve. 
The 20 mpi sieve retained the l a r g e r crustaceans and 
polychaetes. Polychaetes as small as 4 mm were retained 
i n the 30 mpi sieve. A f t e r preliminary e x t r a c t i o n of 
animals from each sieve, the remaining contents were 
washed, from the opposite side, i n t o a large metal pan. 
A l l animals on the bottom of the pan were c o l l e c t e d 
and the water, which contained the swimmingiindividuals, 
was poured i n t o a 100 mpi sieve and the animals extracted. 
I f much coarse m a t e r i a l remained, a few drops of 10% 
f o r m a l i n were added to make the crustaceans a c t i v e , 
a i d i n g i n t h e i r c o l l e c t i o n . A l l animals were preserved 
i n 70% a l c o h o l . fJxtraction was done on the day of 
c o l l e c t i o n or the samples kept i n a 10° C, temperature-
c o n t r o l l e d room u n t i l e x t r a c t i o n , during the f o l l o w i n g 
48 hours. 
Three sampling programmes were undertaken: 
i ) f i v e major t r a n s e c t s were sampled ( F i g . 2.1) w i t h 
s t a t i o n s from 20 m to 190 ra below the High V/ater Mark 
(HWM) to examine zonatlon of i n v e r t e b r a t e prey (sampling 
s t a t i o n s were 20 m, 30 m, 40 m, 50 m, 60 m, 70 m, 80 m, 
Figure 2.1. 
The f i v e transects along Coatham 
Sands. High Water Mark (HWM) and 
Low Water Mark (iWl^l) are l a b e l l e d . 
The extent of the beach above the 
HWM i s also shown. Beyond transect 
5 i s lo c a t e d the Ducky, the r a i s e d 
area of beach where flO:cks of 
r o o s t i n g Sanderling gathered. 
Areas along Coatham Sands were l a b e l l e d 
F through K w i t h the transects occurring 
as f o l l o w s : 
F - Transect 1 
G - Transect 2 
H - Transect 3 
I - Transect 4 
J - Transect 5 
K - Beyond Transect 5, i n c l u d i n g the 
Ducky. 

90 m, 100 m, 130 m, 160 m and 190 m below the HWM); 
i i ) alongshore sampling ( p a r a l l e l to the t i d e ) i n the 
zones of highest prey d e n s i t i e s ; and i i i ) i n t e n s i v e 
l o c a l sampling to determine prey dispersion. The HWM 
was set as the l e v e l reached by a mid-level t i d e (5.0 m). 
The f i v e major t r a n s e c t s were chosen i n the two areas 
of beach of greatest physical d i f f e r e n c e s ; slope, sand 
grain size and wave a c t i o n . Transects were sampled 
i n November 1977, January, February, March, August, 
November and December 1978, and February 1979. Size 
d i s t r i b u t i o n of a l l major prey were determined from 
preserved specimens c o l l e c t e d i n February, March, 
August and November of 1978. For Bathyporeia and 
Eurydice, the l e n g t h of i n d i v i d u a l s from 1. 5nim to 
6.5 mm were measured on a c a l i b r a t e d d i s s e c t i n g 
microscope to the nearest 0.5 mm. Lengths of Nerine 
were measured to the nearest 1.0mm by l a y i n g worms on 
a p l a t e of glass placed over graph paper. 
The f i v e transects also formed the reference 
points f o r recording the feeding observations on ' 
Sanderling. Counts of the b i r d s were made i n reference 
to these t r a n s e c t s . 
To determine alongshore d i s t r i b u t i o n , a sample 
( l / l 2 8 m ) was taken every twenty metres from transect 
3 to 150 metres past transect 5 at 70 m below the HWM 
on 10/4/1978 (75 samples). On 11/5/1978 the above 
procedure was repeated f o r three beach l e v e l s ; 50m, 
10 
70 m, and 90 m below the HWM (225 samples). Samples 
c o l l e c t e d on 11/5/1978 were used to examine size 
d i s t r i b u t i o n i - o f Merine. 
Determination of dispersion patterns was 
c a r r i e d out i n November and December of 1977 and March 
of 1978. On 26/11/1977, 64 samples (corer diameter 
of 3.7 cm, depth of 6 cm) were taken at 50 m and 60 m 
below the HWM at transect 5. A sample was taken i n the 
centre of each 10 cm x 10 cm square i n an 80 cm x 80 cm 
g r i p (64 equal s e c t i o n s ) . On 3/12/1977 the November 
procedure was repeated, at transect 3, 50 m below the 
HWM, w i t h a corer of diameter 2.3 cm. Each sample was 
taken to a depth of 12 cm and divided i n t o two 6 cm 
sections. Two a d d i t i o n a l sets of samples were taken 
on 12/3/1978; the f i r s t at transect 3 (50 m below the 
HWM). Samples were taken i n three twenty-sample rows 
(60 samples). Each sampling s i t e was one metre from 
adjacent s i t e s . Each sample was divided i n t o two 6 cm 
sections (corer diameter of 2,6 cm). The second set of 
samples was at transect 5, 90 m below the HV/M where 
three fifteen-sample rows were taken (45 samples). 
Each sampling s i t e was one metre from adjacent s i t e s . 
Samples were taken wi t h a corer of diameter of 6.2 cm. 
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2.3 Results 
2.3a Transect sampling 
Data f o r main transect sampling are presented 
i n Appendix 2.1, Nerine contributed the m a j o r i t y of 
i n d i v i d u a l s on a l l eight days ( F i g . 2,2) The general 
d i s t r i b u t i o n p a t t e r n of the three main i n v e r t e b r a t e 
species i s presented f o r 2/1978 i n Pig. 2.3. The 
widespread d i s t r i b u t i o n of Nerine, w i t h upper-beach 
peak density and down-the-beach s h i f t at transect 5, 
was the dominant p a t t e r n . Bathyporeia and Eurydice 
reached t h e i r highest d e n s i t i e s at transect 5.. 
In analyzing patterns of Nerine d i s t r i b u t i o n , 
t r ansect 5 has been separated from transects 1 to 4 
on the basis of major d i f f e r e n c e s , as tes t e d by the 
Spearman rank c o e f f i c i e n t and the Kendall c o e f f i c i e n t 
of concordance (Siegel 1956). 
Sampling s t a t i o n s of transects 1 to 4 were 
ranked according to t h e i r Nerine density and tested by 
the Spearman rank c o e f f i c i e n t and the Kendall c o e f f i c i e n t 
of concordance. When the density pattern of each transect 
i s compared w i t h each other t r a n s e c t , there were 45 
within-sampling date comparisons; • 20 were s i g n i f i c a n t l y 
s i m i l a r by the Spearman c o e f f i c i e n t (rho) w i t h one negative 
c o r r e l a t i o n (Table 2,1). In the Spearman t e s t , the 
ranks of case values of two vari a b l e s ( t r a n s e c t s ) are 
Ei/mre 2.2. 
The p r o p o r t i o n of i n d i v i d u a l s : c o n t r i b u t e d 
by each species on. the e i g h t days of 
transect sampling (1977-79). 
IJerine (Open boxes), Bathyporeia 
(Diagonals) and Eurydice ( S o l i d boxes). 
A l l species c o l l e c t e d considered. T o t a l 
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TABLE 2 .1 
W i t h i n sampliriK date comparison f o r N e r i n e 
d i s t r i b u t i o n p a t t e r n s , t r a n s e c t s 1 t o 4. 
S i g n i f i c a n t l e v e l s based on t h e Spearman 
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t e s t e d , w i t h +1 f o r two i d e n t i c a l rankings and -1 f o r 
exactly opposite rankings (MIDAS operational manual 
1980). Transects 1 and 2 showed s i m i l a r d i s t r i b u t i o n '~ 
patterns on f i v e of seven days and transects 2 and 3 
showed s i m i l a r patterns on s i x of eight days (Table 2.2). 
Analysis by the Kendall rank c o r r e l a t i o n c o e f f i c i e n t 
( t a u ) gave very s i m i l a r r e s u l t s . 
The s i m i l a r i t y of d i s t r i b u t i o n patterns i n 
Nerine was also measured by Kendall's c o e f f i c i e n t of 
concordance (W). This i s a l i n e a r function of the 
a r i t h m e t i c mean of a l l the pairwise Spearman's rho 
c o e f f i c i e n t s , expressing the degree of association among 
a number of v a r i b l e s ( t r a n s e c t s ) (Siegel 1956). The 
measure of concordance and t h e i r l e v e l s of s i g n i f i c a n c e 
f o r each sampling date are given i n Table 2.3. Values 
f o r W range from 0 to 1, w i t h 0 s i g n i f y i n g no agreement' 
and 1 s i g n i f y i n g complete agreement with the set of 
rankings, December 1978 was the only sampling month 
l a c k i n g a s i g n i f i c a n t l e v e l of concordance. D i s t r i -
b u t i o n p a t t e r n s i n transects 1 t o 4 were s i m i l a r . 
Figure 2.4 shows the d i s t r i b u t i o n of Herine at 
the f i v e transects f o r November 1977 and 1978. A n a l y t i c a l 
techniques used to compare within-sampling date were 
again used to compare between-sampling date patter n s . 
Each tra n s e c t was compared w i t h i t s r e p l i c a t e s f o r the 
e i g h t sampling days (seven f o r transect 1), Of 133 
possible comparisons (28 f o r transects 2 to 5 and 21 
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TABLE 2.2 
The number of sampling days f o r which the f o l l o w i n g 
p a i r s of transects were s i g n i f i c a n t l y c orrelated 
(showed a s i m i l a r d i s t r i b u t i o n of Kerine). Levels 
of s i g n i f i c a n c e at l e a s t P<.0.05. 
Comparison 
Transects 1 and 2 
Transects 1 and 3 
Transects 1 and 4 
Transects 2 and 3 
Transects 2 and 4 
Transects 3 and 4 







* As transect 1 was not sampled during January 1978, only 
seven comparisons are possible w i t h t h i s t r a n s e c t . 
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TABLE 2.3 
Concordance values (w) and t h e i r s i g n i f i c a n c e l e v e l s 
f o r the eight main sampling, days, representing the 
o v e r a l l agreement i n d i s t r i b u t i o n of Nerine f o r a l l 
tra n s e c t s considered- f o r a single day. A l l —————— - . • ' ' 
s i g n i f i c a n c e l e v e l s r e f e r to transects 1 to 4. 
Comparison Level of 
Transect 1 to 5 Transect 1 to 4 si/3:nif icance 
November 1977 0.4181 0.8079 P <0.001 
January 1978 0.5677 0.8313 0.001 
February 1978 0.4835 0.680 P <0.001 
March 1978 0.3775 0.5221 P <0.01 
August 1978 0.4021 0.4217 P<0.05 
November 1978 0.490 0.7126 P <0.001 
December 1978 0.1646 0.4008 n. s. 
February 1978 0.5181 0.5867 P<0.01 
Figure 2.4 
The d . l G t r i b u t i o n o f Nerlne a t 
the f i v e t r a n s e c t s : f o r Noverabor 
1977 and 1978. 
S o l i d l i n e - 1977 
l^rokon l i n e - 1978 
A] 1 d r ^ n s i t i e s are shown i n 
r i ' l a t i o n t o metres below t h e 












f o r t r a n s e c t 1 ) , 30 showed s i g n i f i c a n t l e v e l s f o r t h e i r 
d i s t r i b u t i o n p a t t e m s ( w i t h one n e g a t i v e c o r r e l a t i o n ) , 
as judged hy t h e Spearman rank c o r r e l a t i o n ( r h o ) 
( T a b l e 2 . 4 ) . Concordance l e v e l s (W) were s i g n i f i c a n t 
f o r each t r a n s e c t i n a betweensampling date comparison 
( T a b l e 2»5). For between-date comparisons o f d i s t r i b u t i o n 
t h e r e i s no s u g g e s t i o n o f a seasonal s h i f t i n N e r lne 
( T a b l e 2 . 6 ) . 
The mean d e n s i t y o f Nerine w i t h i n a ,transect 
can serve as a measure o f p o t e n t i a l food a v a i l a b i l i t y 
o f t h a t a r e a . The p a t t e r n o f mean d e n s i t y (Table 2.7, 
as determined from Appendix 2.2) suggests a h i g h l e v e l 
o f p r e d i c t a b i l i t y , i n r e g a r d s Nerine a l o n g Coatham 
Sands. N e r i n e numbers i n t r a n s e c t s 1 and 5 were 
c o n s i s t e n t l y l o w e r than those o f t r a n s e c t s 2, 3 and 4, 
though concordance l e v e l o f t h e p a t t e r n shown i n 
Table 2.7. was n o t s i g n i f i c a n t . 
As each t r a n s e c t r e p r e s e n t s a f e e d i n g p o t e n t i a l 
f o r t he S a n d e r l l n g , so too viii& t h e l e v e l s (metres 
below t h e HWM) o f t h e beach. S i x l e v e l s o f the beach 
were compared (20-30 m, 40-50 m, 60-70 m, 80-90 m, 
100-130 m and 160-190 m below t h e HWM). When d e n s i t i e s 
were averaged f o r the e i g h t sampling days, t h e r e was no 
s i g n i f i c a n t d i f f e r e n c e between 40-50 m and 60-70 m 
below t h e HWM. Both o f these l e v e l s , however, were 
s i g n i f i c a n t l y g r e a t e r than t h e o t h e r f o u r l e v e l s 
( T a b l e 2.8). 
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TABLE 2.4 
Between-samplinp; d a t e comparisons. Each t r a n s e c t 
i s compared w i t h r e p l i c a t e s from a l l sampling; 
d a t e s . A l l s i g n i f i c a n t values a t P <0.Q5 or 
g r e a t e r . 










Concordance values (W) f o r each set o f t r a n s e c t 
r e p l i c a t e s and t h e i r l e v e l s o f s i g n i f i c a n c e . 
T r a n s e c t (W) L e v e l o f s i g n i f i c a n c e 
1 0.3390 P 40.05 
2 0.4840 P40.001 
5 0.4877 P<0.001 - . 
4 0.3204 P<0.01 
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TABLE 2.7 
Rank o r d e r i n g o f t r a n s e c t s as determined by mean 
d e n s i t i e s o f Ne r i n e (Appendix 2.2). 
November 1977 3 . 2 4/ 1 5 
January 1978* 2- 4 • 3 5 
February 1978 3 2. 1 4 5 
March 1978 2 4 3 1 5 
August 1978 4', 2 3 1 5 
November 1978 5 3 2 4 1 
December 1978 2 4 3 5 1 
February 1979 2 4 3 1 5 
* Transect 1 was n o t sampled. 
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TABLE 2.8 
Comparisons between s i x beach l e v e l s (metres below 
t h e HWM) f o r mean d e n s i t i e s (X) o f N e r i n e . 
L e v e l N X S.E. 
20-30 m 58 749.2 126.6 
40-50 m 61 1535.5 191 .5 
60-70 m 62 1366.7 168.5 
80-90 m 62 641.6 90.5 
100-130 m 59 331.9 61.7 
160-190 m 34 72.5 18.1 
Comparisons showing s i g n i f i c a n t d i f f e r e n c e s . * 
t d . f . P < 40-50 m vs. 20-30 m 3.4 117 0.001 
40-50 m vs. 80-90 m 4.2 121 0.001 
40-50 m vs. 100-130 m 6.0 118 0.001 
40-50 m vs. 160-190 m 7.6 93 0.001 
60-70 m vs. 20-30 m 2.9 118 0.005 
60-70 m vs. 80-90 m 3.8 122 0.001 
80-90 m vs. 100-130 m 2.8 119 0.01 
80-90 m vs., 160-190 m 6.2 94 0.001 
100-130 m vs. 160-190 m 4.0 91 0.001 
20-30 vs. 100-130 m 3.0 118 0.005 
* A l l comparisons show the g r e a t e r l e v e l on the l e f t . 
2 2 
B a t h y p o r e i a o c c u r r e d i n a l l f i v e t r a n s e c t s 
b u t d e n s i t i e s were too low and too v a r i a b l e t o make 
d e t a i l e d a n a l y s i s p o s s i b l e except a t t r a n s e c t 5 . V/here 
B a t h y p o r e i a d i d occur a t t r a n s e c t s 1 t o 4 , t h e numbers 
were h i g h l y l o c a l i z e d . B a t h y p o r e i a e x h i b i t e d a down-
the-beach s h i f t i n m i d - w i n t e r , 1 9 7 7 - 7 8 ( P i g . 2 . 5 ) . 
An upper-brach l e v e l ( 2 0 - 7 0 m below t he HV/M) and a 
lower-beach l e v e l ( 8 0 - 1 9 0 m below the HWM) were 
d e s i g n a t e d t o t e s t whether a s i g n i f i c a n t s h i f t o c c u r r e d 
i n B a t h y p o r e i a d u r i n g t h e 1 9 7 7 - 7 8 w i n t e r ; t h e r e l e v a n t 
comparisons are presente d i n Table 2 . 9 . The s h i f t 
i n d i s t r i b u t i o n was t e s t e d as s i g n i f i c a n t ( P < 0 . 0 5 ) . 
Numbers o f B a t h y p o r e i a showed a s i g n i f i c a n t 
decrease i n 1 9 7 8 - 7 9 over 1 9 7 7 - 7 8 ( F i g . 2 . 5 ) . When 
d e n s i t i e s i n November 1 9 7 7 , January and February 1 9 7 8 
a r e compared w i t h November and December 1 9 7 8 and 
February 1 9 7 9 , a s i g n i f i c a n t decrease i s shown 
( t = 2 . 5 w i t h 6 8 d . f . , P< 0 . 0 2 5 ) . For the e i g h t sampling 
days, B a t h y p o r e i a showed s i g n i f i c a n t concordance between 
r a n k i n g s o f mean d e n s i t i e s f o r t h e f i v e t r a n s e c t s 
(W= 0 . 4 5 3 1 , P< 0 . 0 1 ) . 
F i g u r e 2 . 5 
D e n s i t i e s o f B a t h y p o r e i a from 
seven main sampling days. 
Data are p a i r e d t o p r o v i d e a 
comparison of numbers between 
y e a r s . 
Broken l i n e - f i r s t sampling year. 
S o l i d l i n e - second sampling year 
A l l d e n s i t i e s are shown i n r e l a t i o n 
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Table 2.9 
Test o f d i s t r i b u t i o n s h i f t f o r B a t h y p o r e i a , 1977-78, 
Upper beach = 20-70 m below the HWM. 
l o w e r beach = 80-190 m below t h e HWM. 
Upper beach 
November 1977 vs. March 1978 N.S. 
January 1978 vs. February 1978 N.S. 
Lower beach 
November 1977 vs. March 1978 N.S. 
January 1978 vs. February 1978 N.S. 
To compare upper and lo w e r beach d i s t r i b u t i o n s , November 
1977 and March 1978 are combined and January 1978 and 
February 1978 are combined. 
a. November 1977 and March 1978 combined: 
D e n s i t i e s i n upper beach s i g n i f i c a n t l y g r e a t e r than i n 
l o w e r beach, 
t = 2.2 d . f . = 21 PC0.05. 
b. January 1978 and February 1978 combined: 
D e n s i t i e s i n l o w e r beach s i g n i f i c a n t l y g r e a t e r than i n 
upper beach, 
t ^ 2,1 d . f . ^ 22 P<0,05. 
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2.3b Size d i s t r i b u t i o n 
Size d i s t r i b u t i o n v/as examined f o r a l l the main 
prey s p e c i e s c o l l e c t e d on February, March, August and 
November o f 1978. B a t h y p o r e i a and Eu r y d i c e were separated 
i n t o s i z e c l a s s e s o f 0.5 m m i n t e r v a l s . Class s i z e s f o r 
B a t h y p o r e i a ranged from 1.5 m m t o 6.5 mm and f o r E u r y d i c e , 
from 2.0 mm t o 5.5 mm. As 80 percent o f a l l B a t h y p o r e i a 
measured were i n s i z e c l a s s e s 2.5 n i m , 3.0 mm and 3.5 r n m , 
and 81 p e r c e n t o f a l l Eurydj ce measured were i n s i z e classes 
2.0 mm or 2.5 mm, no f u r t h e r a n a l y s i s as t o the d i s t r i b u t i o n 
o f t he s i z e c l a s s e s were made f o r these two s p e c i e s . 
N e r i n e as sraeill as 4 mm were measured. I t i s 
p o s s i b l e t h a t N e r i n e s m a l l e r than 4 mm were missed. As 
t h e r e was no simple p a t t e r n i n s i z e c l a s s d i s t r i b u t i o n o f 
N e r i n e , p r o b a b i l i t y paper (showing c u m u l a t i v e f r e q u e n c i e s ) 
was used t o p l o t t h e p o p u l a t i o n ( F i g . 2.6). 
A g r e a t e r p r o p o r t i o n o f very l a r g e Nerine ( g r e a t e r 
than 18 mm) was present i n August and November 1978 compared 
t o March and February 1978. The s m a l l e s t s i z e c l a s s e s 
were p o o r l y r e p r e s e n t e d i n August compared t o o t h e r months. 
For t h e t h r e e s m a l l e s t s i z e classes (4 mm, 5 m m and 6 mm) 
the c u m u l a t i v e percentages .for February, March, August and 
November were: 30.5/'o, 40.2/i, 12.5% and 26.5% r e s p e c t i v e l y . 
The i n c r e a s e i n t h e percentage c o n t r i b u t i o n o f these 
s m a l l e s t c l a s s e s , between August and November, was probably 
due t o growth o f very s m a l l worms ( s m a l l e r than 4 mm), 
F i g u r e 2,6. 
Size c l a s s d i s t r i b u t i o n f o r Ner i n e , 
p l o t t e d on p r o b a b i l i t y paper, 
showing cumulative f r e q u e n c i e s . 
.... February . 1978, . 


















which were n o t r e t a i n e d d u r i n g t h e August sampling. Joyner 
(1962) found t h a t t he r e p r o d u c t i v e p e r i o d o f N e r i n e began 
e a r l y i n t h e year and was o f a l o n g d u r a t i o n . P e l a g i c 
stages e x i s t e d between March and October and l a s t e d i n 
excess o f 30 days.. 
Size d i s t r i b u t J . o n o f Nerine was analyzed t o t e s t 
whether t h e d e n s i t i e s i n d i f f e r e n t months were adequate 
measures o f t h e prey bioinass p r e s e n t . The d i f f e r e n c e i n 
blomass between a Nerine o f 4 mm and one o f 30 mm i s 
c o n s i d e r a b l e . TVierefore, l o c a t i o n o f l a r g e Nerine may have 
a l a r g e e f f e c t on where b i r d s choose t o feed. The r e l a t i o n -
s h i p between s i z e ( L i s t r i b u t i o n and t i d a l h e i g h t ^A/s^s t e s t e d . 
Any a n a l y s i s u s i n g mean values w i l l be h i g h l y i n f l u e n c e d 
by t h e l a r g e numbers o f s m a l l worms. For t h i s reason I 
l o o k e d a t worms g r e a t e r than 10 mm and those l e s s t h a n , or 
equal t o , 10 mm. 
. I l o o k e d f i r s t a t t h e r e l a t i o n s h i p between the 
p r o p o r t i o n o f N e r i n e g r e a t e r than 10 mm a t each s t a t i o n 
a g a i n s t t h e d e n s i t y t h e r e . For t h i s a n a l y s i s t h e r e were 
215 samples from which 1782 N e r i n e were measured. There 
was no s i g n i f i c a n t t r e n d between s i z e ( p r o p o r t i o n o f l a r g e 
worms) and d e n s i t y . 
I then l o o k e d a t s i z e d i s t r i b u t i o n w i t h r e s p e c t 
t o t i d a l h e i g h t . 7\s the Norine band was d i s p l a c e d down t h e 
beach a t t r a n s e c t 5, o n l y t r a n s e c t s 1 t o 4 were c o n s i d e r e d . 
As no seasonal t r e n d was noted f o r K o r i n e , t h e f o u r days 
v/ere lumped, A 2 x n c o n t i n g e n c y t a b l e v/as used t o t e s t 
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any r e l a t i o n s h i p b e t w e e n t i d a l h e i g h t and s i z e 
d i s t r i b u t i o n ( T a b l e 2 , 1 0 ) . T h e r e was a s i g n i f i c a n t 
i n c r e a s e i n t h e p r o p o r t i o n o f l a r g e N e r i n e a t l o w e r 
t i d a l h e i g h t s . F i g u r e 2 , 7 p r e s e n t s a h i s t o g r a m o f t h e 
p e r c e n t a g e o f l a r g e worms ( g r e a t e r t h a n 10 mm) a t e a c h 
o f t h e t i d a l h e i g h t s . S a n d e r l i n g r a r e l y f e d a t 20 m, 
160 m and 190 m b e l o w t h e HWM. Few s i z e d a t a w e r e 
a v a i l a b l e f o r t h e s e t h r e e t i d a l h e i g h t s . To i n s u r e 
t h a t t h e s e t h r e e t i d a l h e i g h t s d i d n o t a f f e c t t h e 
r e s u l t s , t h e y w e r e e x c l u d e d f r o m a s e c o n d 2 x n 
c o n t i n g e n c y t a b l e . The r e s u l t s were a g a i n h i g h l y 
s i g n i f i c a n t ( 1 ^ = 1 1 0 . 8 , d . f . = 8 , P C 0 . 0 0 1 ) . 
2 . 3 c A l o n g s h o r e s a m p l i n g 
As d e t e r m i n e d by t h e t w o a l o n g s h o r e s a m p l i n g 
d a y s ( A p p e n d i x 2 . 3 ) , N e r i n e was w i d e l y d i s t r i b u t e d 
t h r o u g h o u t , w i t h B a t h y p p r e i a a n d E u r y d i c e v e r y 
l o c a l i z e d ( F i g . 2 . 8 a - c ) . Some s i t e s h e l d h i g h d e n s i t i e s 
o f a l l t h r e e p r e y s p e c i e s . The s h i f t i n d e n s i t i e s f r o m 
t r a n s e c t 3 t o t r a n s e c t 5 was c l a r i f i e d by t h e s e a l o n g s h o r e 
s a m p l i n g s . F o r N e r i n e , 50 m b e l o w t h e HWM h e l d 
s i g n i f i c a n t l y g r e a t e r d e n s i t i e s t h a n 70 m o r 90 m b e l o w 
t h e HWl f o r s a m p l e s 1-35 ( T a b l e 2 . 1 1 ) . I n t h i s same 
r e g i o n , 70 m b e l o w t h e HV/M h e l d s i g n i f i c a n t l y g r e a t e r 
d e n s i t i e s t h a n 90 m b e l o w t h e HWM. No s i g n i f i c a n t 
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F i g u r e 2 . 7 . 
P e r c e n t a g e o f N e r i n e g r e a t e r t h a n 
10 mm a t d i f f e r e n t t i d a l h e i g h t s 
f r o m t r a n s e c t s 1 t o 4 . D a t a 
t a k e n f r o m same f o u r s a m p l i n g 
d a t e s , ( F e b r u a r y , M a r c h , A u g u s t 
a n d November 1 9 7 8 ) . as u s e d i n 
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P i f f u r e 2 . 8 a - c . 
S u m m a r i e s f o r a l o n g s h o r e s a m p l i n g , 
May 1 9 7 8 . The 75 s a m p l e s a t 
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2 . 8 b B a t h y p o r e i a 
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TABLE 2 , 1 1 
A v e r a g e d e n s i t y f o r Neri. ne a l o n g Coatham Sands , 
f r o m t r a n s e c t 3 t o b e y o n d t r a n s e c t 5 . S a m p l i n g 
f r o m p a r a l l e l p r o c e d u r e o f May 1 1 t h , 1978 
( A p p e n d i x 2 . 3 ) ; 50 m b e l o w HWM ( A ) , 70 m b e l o w 
EWi ( B ) a n d 90 m b e l o w HWM ( G ) . 
X S . E . 
S a m p l e s 1-35 
A 1 4 2 6 . 3 / m ^ 142 .3 A > B , P4I.O.OOI 
B 6 2 5 . 4 / m ^ 9 3 . 1 A > C , P < . 0 , 0 0 1 
C 2 0 1 . 1 / m ^ 5 3 . 6 B > C , P < 0 . 0 0 1 
S a m p l e s 3 6 - 7 5 
A 1 2 7 0 . 4 / m ^ 2 3 2 , 9 N , S . 
B 1 2 6 4 , 0 / m ^ 1 4 0 , 9 N , S , 
C 1146.0/ra^,, 2 5 4 . 6 N , S , 
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o f B a t h y p o r e i a i n c r e a s e d s i g n i f i c a n t l y a t s a m p l e s 
3 6 - 7 3 ( T a b l e 2 . 1 2 ) . N u m e r i c a l d i s t r i b u t i o n showed no 
p a t t e r n f o r B a t h y p o r e i a i n s a m p l e s 1 - 3 5 . F o r I B a t h y p o r e i a , 
n u m b e r s w e r e g r e a t e s t a t 50 m b e l o w t h e HWM a t 3 6 - 7 3 
( s i g n i f i c a n t l y g r e a t e r t h a n 70 m b e l o w t h e H V / M , 
P < ^ 0 . 0 2 5 , w i t h no s i g n i f i c a n t d i f f e r e n c e w i t h 90 m 
b e l o w t h e H V / M ) , E u r y d i c e was m o s t a b u n d a n t a t 50 m 
b e l o w t h e H V / M f o r s a m p l e s 1-35 , a l t h o u g h n o t s i g n i f i c a n t l y 
so w i t h 70 m b e l o w t h e H W M ( T a b l e 2 . 1 3 ) . F o r s a m p l e s 
3 6 - 7 3 s i g n i f i c a n l y h i g h e r d e n s i t i e s were l o c a t e d a t 
90 m b e l o w t h e H W M . 
V e r y s m a l l N e r i n e ( 4 mm, 5 mm and 6 mm) 
c o m p r i s e d a v e r y h i g h p e r c e n t a g e o f t h e t o t a l d e n s i t i e s 
a t 50 ra b e l o w t h e H W M ( 5 1 . n o ) - A t 70 m and 90 m b e l o w 
t h e H ' # l t h e s e s i z e c l a s s e s c o n t r i b u t e d 26 .9% a n d 17.4% 
r e s p e c t i v e l y . A h i g h l y s i g n i f i c a n t i n c r e a s e i n t h e 
p r o p o r t i o n o f l a r g e worms ( g r e a t e r t h a n 10 mm) o c c u r r e d 
a t t h e l o w e r t i d a l l e v e l s ( d a t a f r o m a l o n g s h o r e s a m p l i n g , 
T a b l e 2 . 1 4 ) . A t 50 m b e l o w t h e H W M t h e h i g h e s t N e r i n e 
d e n s i t i e s w e r e l o c a t e d , v / i t h t h e a r e a mos t a b u n d a n t 
i n l a r g e N e r i n e a t 70 m b e l o w t h e H W M . 
2 , 3 d D i s p e r s i o n p a t t e r n s 
S a m p l i n g f o r d i s p e r s i o n p a t t e r n s was c a r r i e d 
o u t on 2 6 / 1 1 / 1977 ( A p p e n d i x 2 . 4 ) , A t 50 m b e l o w t h e Wm 
( t r a n s e c t 5 ) no N e r i n e w e r e f o u n d and a t 60 m b e l o w t h e 
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TABLE 2 , 1 2 
A v e r a g e d e n s i t y f o r B a t h y p o r e i a a l o n g Coatham 
S a n d s , f r o m t r a n s e c t 3 t o b e y o n d t r a n s e c t 5• 
S a m p l i n g f r o m p a r a l l e l p r o c e d u r e o f May 1 1 t h , 
1978 ( A p p e n d i x 2 , 3 ) ; 50 m b e l o w HWM ( A ) , 70 m 
b e l o w HWM ( B ) a n d 90 m b e l o w HWM ( C ) , 
S a m p l e s 1-35 
X S , E . 
A 9 8 . 7 / m ^ 3 4 . 0 n . s , 
B 6 5 . 8 / m ^ 2 1 . 9 n . s , 
C 2 5 , 6 / m ^ 1 3 . 7 n . s . 
S a m p l e s 3 6 - 7 3 
A 6 0 9 . 7 / m ^ 169 .5 A T ' B , P < 0 . 0 2 5 
B 1 7 1 . 8 / m ^ 4 7 . 4 
C 2 9 9 . 8 / m ^ 7 1 . 3 
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TABLE 2 . 1 3 
A v e r a g e d e n s i t y f o r E u r y d i c e a l o n g Coatham Sands , 
f r o m t r a n s e c t 3 t o b e y o n d t r a n s e c t 5 . S a m p l i n g 
f r o m p a r a l l e l p r o c e d u r e o f May 1 1 t h , 1978 
( A p p e n d i x 2 . 3 ) ; 50 m b e l o w t h e HWM ( A ) . 70 m b e l o w 
HWM ( B ) a n d 90 m b e l o w HWM ( C ) . 





3 0 7 . 2 / 
2 5 6 . 0 / 
m 
m 
6 2 . 2 / m 2 
S . E . 
6 0 . 6 
8 2 . 6 
1 6 . 9 
A>c, p<:o.ooi 
B > C , P < 0 . 0 2 5 
S a m p l e s 3 6 - 7 3 
A 1 5 8 . 3 / m ' 
B ' 2 9 4 . 0 / m ^ 
C 7 2 8 . 5 / m ^ 
5 8 . 5 
4 8 . 1 
105 .5 
C > A , P < 0 . 0 0 1 
C > B , P < . 0 . 0 0 1 
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TABLE 2 . 1 4 
T a b l e s h o w i n g n u m b e r s o f l a r g e ( g r e a t e r t h a n 
10 mm) a n d s m a l l e r N e r i n e a t t h r e e t i d a l h e i g h t s 
( m e t r e s b e l o w t h e HWM). 
S i z e c a t e g o r y 
> 10 mm 
< 10 mm 
T o t a l s 
T i d a l H e i g h t 
50 m 70 m 90 m 
83 213 128 
346 318 165 
429 531 293 





d . f . 
6 2 . 2 
2 
P < 0 . 0 0 1 
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HWM o n l y t w o N e r i n e w e r e f o u n d ( d e p t h o f 6 c m ) . The 
m o r e e x t e n s i v e d a t a f o r B a t h y p o r e i a w e r e s u b j e c t e d t o 
a n a l y s i s by t h e I n d e x o f j3isper8ion measu re ( S o u t h w o o d 
1 9 6 6 ) . U s i n g X " , t h e e x t e n t t o w h i c h t h e d i s t r i b u t i o n 
c o n f o r m s t o a P o i s s o n m o d e l can be t e s t e d . 
2 2 2 
^ ' = S ( N - 1 ) w h e r e S = v a r i a n c e , N = n u m b e r o f 
X 
s a m p l e s a n d x = mean . I f t h e d i s t r i b u t i o n i s P o i s s o n 
2 
t h e v a l u e o f X w i l l n o t l i e . o u t s i d e t h e l i m i t s o f 
2 2 X ' f o r N - 1 . Where X d o e s c o n f o r m , t h e I n d e x o f 
2 f 
D i s p e r s i o n , X '- ( N - l ) , w i l l a p p r o x i m a t e t o u n i t y . 
An i n d e x v a l u e o f z e r o i m p l i e s a r e g u l a r l y d i s t r i b u t e d 
p o p u l a t i o n and a v a l u e s i g n i f i c a n t l y g r e a t e r t h a n 1 
i m p l i e s a g g r e g a t i o n . S a m p l e s t a k e n a t b o t h t i d a l 
2 
h e i g h t s , ( d i s p e r s i o n i n d i c i e s w e r e 1 ,8 , X = 1 1 3 . 2 w i t h 
N = 64 a n d 4 . 1 , X^ = 2 5 5 . 1 w i t h N = 6 4 , r e s p e c t i v e l y ) , 
w e r e s i g n i f i c a n t l y g r e a t e r t h a n 1 ( P < 0 , 0 0 l ) , i n d i c a t i n g 
a c l u m p e d d i s p e r s i o n f o r B a t h y p o r e i a . A s e c o n d s t a g e o f 
a n a l y s i s l u m p e d t h e 64 s a m p l e s , a t each t i d a l h e i g h t , 
i n t o 16 f o u r - s q u a r e s a m p l e s . The d i s p e r s i o n i n d e x a t 
50 m b e l o w t h e HWM ( 0 . 9 3 , X^ = 1 4 . 0 w i t h N = 16) was no 
l o n g e r s i g n i f i c a n t l y d i f f e r e n t f r o m 1 and t h e i n d e x 
f o r t h e 60 m s i t e was r e d u c e d t o 1,5 (X = 8 0 . 9 , ' w i t h 
P s t i l l < 0 . 0 0 1 ) . A l t h o u g h t h e s ample s i z e was s m a l l 
( 1 6 ) t h e s e r e s u l t s s u g g e s t t h a t t h e c l u m p s o f B a t h y p o r e i a 
w e r e a l s o s m a l l i n s i z e . I n s i t u a t i o n s where B a t h y p o r e i a 
a r e b e i n g t a k e n f r o m t h e sand by S a n d e r l i n g , b o t h t h e 
d i s p e r s i o n p a t t e r n s a n d t h e a c t u a l s i z e o f t h e p a t c h e s 
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o f p r e y a r e i m p o r t a n t . 
A n a l y s i s o f t h e I n d e x o f D i s p e r s i o n f o r t h e 
64 s a m p l e s c o l l e c t e d on 3 / 1 2 / 1 9 7 7 ( A p p e n d i x 2 . 5 ) showed 
no c l u m p i n g f o r N e r i n e . O f t h e 205 N e r i n e c o l l e c t e d , 
155 ( 7 7 . 6 % ) w e r e i n t h e b o t t o m h a l f o f t h e s a m p l e s 
( l o w e r 6 c m ) . 
On 1 2 / 3 / 1 9 7 8 t h e I n d e x o f D i s p e r s i o n f o r N e r i n e 
( t r a n s e c t 3 a t 50 m b e l o w t h e HWM) was 2 . 2 ( X ^ = 1 2 5 . 7 
w i t h N = 6 0 ) , s i g n i f i c a n t l y g r e a t e r t h a n 1 ( P < 0 . 0 0 l ) , 
i n d i c a t i n g a d e g r e e o f c l u m p i n g ( A p p e n d i x 2 . 6 ) , O f t h e 
136 N e r i n e e x t r a c t e d , 122 ( 8 9 , 7 % ) were i n t h e b o t t o m 
s e c t i o n o f t h e s a m p l e s ( l o w e r 6 c m ) . O n l y s i x 
B a t h y p o r e i a a n d e l e v e n i . ' u r y d i c e were f o u n d . A l s o on 
1 2 / 3 , s a m p l i n g was u n d e r t a k e n a t t r a n s e c t 5 , 90 m b e l o w 
t h e HWM ( A p p e n d i x 2 . 7 ) . F o r b o t h B a t h y p p r e i a and 
E u r y d i c e t h e i n d i c i e s were s i g n i f i c a n t l y g r e a t e r t h a n 1 
( 2 , 1 , X^ = 9 6 . 3 w i t h N = 45 and P < 0 . 0 0 1 , and 7 . 3 , 
X'^ = 3 1 2 . 3 w i t h N = 45 and P < 0 , 0 0 1 , r e s p e c t i v e l y ) 
i n d i c a t i n g c l u m p e d d i s t r i b u t i o n s . The i n d e x f o r N e r i n e ^ -
1.9 (X = 7 6 . 3 w i t h N -•= 4 5 ) was a l s o s i g n i f i c a n t l y 
g r e a t e r t h a n 1 ( P < 0 . 0 1 ) . 
2 . 4 D i s c u s s i o n 
A m a j o r c o n s t r a i n t o f any p r e d a t o r i s t h e 
d i s t r i b u t i o n a n d p o p u l a t i o n d y n a m i c s o f i t s p r e y . F o r 
S a n d o r l i n g a t T e e s m o u t h , t h e s t u d y o f i t s i n v e r t e b r a t e 
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p r e y p r o v i d e s t h e b a s i s f o r an u n d e r s t a n d i n g o f t h e b i r d s ' 
o b s e r v e d d i s t r i b u t i o n ( C h a p t e r 3 ) and may h e l p t o a c c o u n t 
f o r t h e l a r g e number o f S a n d e r l i n g t h a t w i n t e r a t 
T e e s m o u t h . 
N e r i n e h a s been shown t o h a v e a v e r y w i d e 
d i s t r i b u t i o n ( M c l n t y r e 1 9 6 8 ) . I t i s g e n e r a l l y a b u n d a n t 
o n l y i n t h e u p p e r h a l f o f t h e t i d a l r a n g e ( P i e r r i e e t . 
a l , 1932 a n d Rees 1 9 3 9 ) . Maximum d e n s i t i e s o f N e r i n e 
2 
a t S t o u p e B e c k w e r e o n l y l 6 0 / m (Colman and S e g r o v e 
1 9 5 5 ) ; a t Kames B a y , 4 6 4 / m ^ ( W a t k i n 1 9 4 0 ) ; a n d a t 
2 
F i r e m o r e , 1184 /m ( M c l n t y r e 1 9 6 8 ) . A t F i r e m o r e , o n l y 
t h r e e s a m p l e s ( f r o m 80 s t a t i o n s ) h e l d d e n s i t i e s g r e a t e r 
t h a n 500/m'^ (mean d e n s i t y was 107/m^ + 1 9 . 2 ) . The 
a l o n g s h o r e d a t a a t Coatham Sands showed b o t h t h e 
w i d e s p r e a d d i s t r i b u t i o n o f M e r i n e and i t s c o n s i s t e n t l y 
h i g h d e n s i t i e s ( 1 4 7 o f 300 s a m p l e s had a d e n s i t y o f 
2 2 1000/m o r g r e a t e r , w i t h t h e h i g h e s t d e n s i t y a t 1 0 , 2 4 0 / m ) 
The p a t t e r n o f d i s t r i b u t i o n o f N e r i ne was 
s i m i l a r i n t r a n s e c t s 1 t o 4 t h r o u g h o u t t h e y e a r a n d 
b e t w e e n s a m p l i n g y e a r s . B r a d y ( 1 9 4 3 ) f o u n d t h a t t h e 
z o n i n g o f N e r i n e was s i m i l a r i n M a r c h and November w i t h 
a " g e n e r - 1 i n c r e a s e t o s e a w a r d i n t h e d e n s i t y o f N e r i n e " . 
A t Coa tham Sands t h e b a n d o f N e r i n e d e n s i t y was h i g h e s t 
a t a b e a c h l e v e l o f 40 m t o 70 m b e l o w t h e HWM, 
The i n c r e a s e i n t h e p r o p o r t i o n o f l a r g e N e r i n e 
a t l o w e r b e a c h l e v e l s s u g g e s t s ( f r o m t h e a l o n g s h o r e d a t a ) 
t h a t S a n d e r l i n g s h o u l d c o n c e n t r a t e f e e d i n g e f f o r t s a t 
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70 m below t h e HWM around t r a n s e c t 5. A l t h o u g h N e r i n e 
d e n s i t i e s a t t r a n s e c t 5 were h i g h e s t a t 50 m below the 
HWM they were l o w a t 70 m and 90 m be low t h e mm. T h i s 
meant t h a t a l t h o u g h f e e d i n g c o u l d occur a t l o w e r l e v e l s 
b i r d s s h o u l d e i t h e r f e e d on B a t h y p o r e i a / E u r y d i c e (when 
a v a i l a b l e ) o r p roceed t o t r a n s e c t s 4 and 5. T r a n s e c t s 
2 and 4 c o n s i s t e n t l y h e l d t h e h i g h e s t d e n s i t i e s o f N e r i n e . 
W i t h n e a r l y 50% o f N e r i n o i n t he t h r e e s m a l l e s t s i z e 
c l a s s e s a t 50 m below t h e HWF'^  ( a l o n g s h o r e d a t a ) movement 
t o t r a n s e c t 4 and beyond s h o u l d be an advantageous 
s t r a t e g y f o r Sanderla .ng, i f : i ) t r a n s e c t 2 i s 
u n a v a i l a b l e because o f d e n s i t y - d e p e n d e n t f a c t o r s a r i s i n g 
f r o m c o n s p e c i f i c s , o r , i i ) i f t h e t i d e has r i s e n t o 
50 m below t h e HWM o r h i g h e r . 
The t r a n s e c t d a t a showed t h a t a l t h o u g h p a t t e r n s 
were s i m i l a r t h r o u g h o u t Coatham Sands, t h e r e was a cho i ce 
i n p o t e n t i a l a v a i ] . a b i l i t y o f p rey amongst t h e t r a n s e c t s . 
B o t h f r o m p r e v i o u s l y s i t e d l i t e r a t u r e and f r o m t h e 
samples o f 5 /12 /1977 and 12/3 /1978 i t i s c l e a r t h a t a 
l a r g e p r o p o r t i o n o f N e r i n e were beyond the f o r a g i n g 
dep th o f S a n d e r l i n g . As s a m p l i n g was done some hours 
a f t e r the t i d e had r e c e d e d , worms may have moved 
v e r t i c a l l y dovmward to a v o i d d e s i c c a t i o n . The a v a i l a b i l i t y 
o f N e r i n p may a p p r o x i m a t e r e c o r d e d d e n s i t y much c l o s e r 
as t he beach becomes wave-washed. The a b i l i t y o f N e r i n e 
t o w i t h d r a w t o deeper l a y e r s on the r e t r e a t i n g t i d e 
( W a t k i n 1940) a l l o w s i t t o s u r v i v e s e v e r a l hours o f 
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exposure t o d r y i n g . 
The pe rcen tage o f very s m a l l s i z e c l a s ses 
( P i g , 2 . 6 ) t h r o u g h o u t t he year suggests a c o n s t a n t 
r e c r u i t m e n t o f N e r i n e . D e s p i t e heavy S a n d e r l i n g 
p r e d a t i o n (Chap te r 4) t h e r e i s no i n d i c a t i o n o f even 
p a r t i a l d e p l e t i . o n o f N e r i n e ove r the w i n t e r . Even 
w i t h very c o n s e r v a t i v e e s t i m a t e s , the N e r i n e p o p u l a t i o n 
can be s e t a t w e l l ove r 100 m i l l i o n f o r the a rea o f t he 
f i v e t r a n s e c t s a l o n g Coatham Sands. J o y n e r ' s o b s e r v a t i o n s 
(1962) sugges t t h a t t h e f i r s t p e l a g i c i n d i v i d u a l s s h o u l d 
b e g i n s e t t l i n g i n A p r i l - M a y . T h i s c o u l d accoun t f o r 
t h e s m a l l p r o p o r t i o n o f ve ry s m a l l N e r i n e i n A u g u s t . 
The l e n g t h y r e p r o d u c t i v e p e r i o d o f N e r i n e may p r o v i d e 
t h e S a n d e r l i n g w i t h an i m p o r t a n t renewable f o o d s o u r c e . 
A l t h o u g h h i g h l y l o c a l i z e d , t h e d e n s i t i e s o f 
E u r y d i c e were c o n s i d e r a b l y h i g h e r than those r e p o r t e d 
f o r o t h e r s t u d i e s (Wa tk in 1942 and M c l n t y r e 1968) . The 
a c t i v i t y p a t t e r n s o f Euryf i i c j s have been the s u b j e c t o f 
s e v e r a l s t u d i e s . E u r y d i c e has been shown t o r e l y on 
wave a c t i o n t o wash them i n t o t h e sand (Jones & N a y l o r 
1970) . As p r e d a c i o u s a n i m a l s , they seek t h e i r prey 
w i t h i n t h e t i d e . F i s h (1970) s t a t e s t h a t they are 
s y n c h r o n i z e d by wave a c t i o n and t h a t t h e i r a c t i v i t y 
p a t t e r n i s r e i n f o r c e d by h y d r o s t a t i c p res su re changes. 
They have been f o u n d t o be p h o t o n e g a t i v e when w e l l - f e d ^ 
e n t e r i n g t h e wa te r o n l y when necessary (Jones & N a y l o r 
1970) . The swimming b e h a v i o u r o f Ruryd ice has been 
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c o r r e l a t e d w i t h the t i m e o f h i g h water o f s p r i n g t i d e s 
( F i s h 1970) ; t h i s may h e l p i n s u r e t h a t t he a n i m a l s a re 
n o t s t r a n d e d . I n t h e l a b o r a t o r y , E u r y d i c e has been 
e n t r a i n e d t o an endogenous c i r c a - t i d a l a c t i v i t y rhy thm 
o f emergence and swimming by b e i n g s t i m u l a t e d a t p e r i o d s 
o f h i g h wa te r on s p r i n g t i d e s ( H a s t i n g s 1981) . E n r i g h t 
(1963) has shown e n t r a i n m e n t f o r ano the r i s o p o d , 
E x c i r o l a n a . I n t he f i e l d , E u r y d i c e , "swim a t t he 
w a t e r " s edge i n s u r f and b r e a k i n g waves where t u r b u l e n c e 
i s g r e a t e s t . T h i s s h a l l o w a rea o f f e r s some p r o t e c t i o n 
f r o m mar ine p r e d a t o r s and w i l l a l so be a r e g i o n o f h i g h 
f o o d a v a i l a b i l i t y whether such food i s suspended i n f a u n a 
o r f l o t s a m " ( H a s t i n g s 1981) . P r o t e c t i o n f r o m p r e d a t i o n 
i s l i k e l y t o p l a y an i m p o r t a n t r o l e i n t h e a c t i v i t y 
p a t t e r n s o f E u r y d i c e . S t u d i e s on the f o o d o f P l a i c e 
o f f t h e Cumberland coas t i n t h e I r i s h Sea showed t h a t 
o f t he i sopods t a k e n , they were a lmos t e x c l u s i v e l y 
E u r y d i c e p u l c h r a ( P e n t r e a t h and J e f f e r i e s 1971) . 
B a t h y p o r e i a sp, were t h e p r i n c i p l e amphipods t a k e n . 
Such a c t i v i t y p a t t e r n s o f J'^urydice may have i m p o r t a n t 
i m p l i c a t i o n s on S a n d e r l i n g f e e d i n g i n the a rea o f t he 
waves. 
U n l i k e E u r y d i c e , B a t h y p o r e i a f e eds on sand 
p a r t i c l e s and need n o t come i n t o the wa te r ( W a t k i n 1939). 
a l t h o u g h t h e y were f o u n d t o be common on t h e edge o f t he 
i n c o m i n g w a t e r , i i x p e r i m e n t s i n the l a b o r a t o r y showed 
a peak a c t i v i t y i n t h e darkness on t he e a r l y ebb and a 
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s m a l l e r peak p r i o r t o h i g h w a t e r . K n i g h t - J o n e s and 
Morgan ( 1966) r e f e r r e d t o t h i s t ype o f a c t i v i t y ' p a t t e r m * 
as " e b b - t r a n s p o r t " , where f a l l i n g p re s su re promotes 
swimming. However, as B_athyporeia showed a s i m i l a r 
z o n a l d i s t r i b u t i o n i n t h e sand as i n t h e wate r (Watk in 
1939) one m i g h t expec t more a c t i v i t y p r i o r to h i g h 
w a t e r i f r e s e t t l e m e n t i s t o be p o s s i b l e . L i g h t has been 
f o u n d t o have an i n h i b i t i n g e f f e c t on t h e swimming 
a c t i v i t y o f B a t h y p o r e i a and may account f o r g r e a t e r 
n i g h t a c t i v i t y (Pincham 1970 ) . McGror ty (1972) 
obse rved t h a t B a t h y p o r e i a l e f t " t r a c k s " on t he s u r f a c e 
o f t h e sand. These " t r a c k s " were a l s o observed on 
Coatham Sands and may have p r o v i d e d a v a l u a b l e v i s u a l 
cue f o r S a n d e r l i n g . S a n d e r l i n g would congrega te i n 
a reas o f h i g h B a t h y p o r e i a d e n s i t i e s and f e e d i n areas 
o f " t r a c k s " j u s t p r i o r t o t h e area b e i n g covered by 
th]? t i d e . ' The r i s i n g p r e s s u r e o f the i n t e r s t i t i a l 
w a t e r migh t have been a c t i v a t i n g B a t h y p o r e i a . Watk in 
(1939) sugges ted t h a t movement i n t o the wate r a i d e d 
B a t h y p o r e i a i n i t s doub le b r e e d i n g c y c l e i n each month . 
A l t h o u g h Coatham Sands i s very l i m i t e d i n i t s 
spec ies c o m p o s i t i o n , those spec i e s p r e s e n t occur i n h i g h 
d e n s i t i e s , e i t h e r t h r o u g h o u t o r i n l o c a l i z e d a r e a s . 
I f d e n s i t y i s any i n d i c a t i o n o f a v a i l a b i l i t y , we can 
expect N e r i n e to f o r m the b a s i s o f t h e S a n d e r l i n g ' s 
f o r a g i n g e f f o r t s . Any env i ronment c o n t a i n s a number o f 
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c o n s t r a i n t s f o r a n i m a l s i n h a b i t i n g i t . Whi le N e r i n e i s 
w idesp read and abundant t h r o u g h o u t Coatham Sands, 
B a t h y p o r e i a and I ' lu ryd ice a r e h i g h l y clumped and ex t r eme ly 
l o c a l i z e d . V e r t i c a l t i d e - c o n t r o l l e d movements have been 
f o u n d t o be common amongst P o l y c h a e t a , Amphipoda and 
M'o l lusca (Vader 1964 ) . Movement and c y c l e s o f t h e t i d e 
a f f e c t a c t i v i t y o f t h e prey and t h e i r subsequent 
a v a i l a b i l i t y . Myers e t . a l . (1980) have shown ( f o r 
l a b o r a t o r y - t e s t e d S a n d e r l i n g ) t h a t prey, s i z e , prey 
d e p t h , m i c r o d i s t r i b u t i o n o f prey and s u b s t r a t e 
p e n e t r a t i o n can a l l a f f e c t t h e f e e d i n g pe r fo rmance o f -
b i r d s . 
Prom t h i s g e n e r a l i n v e r t e b r a t e survey i t i s 
c l e a r t h a t w i t h o u t such a base, numerous assumpt ions 
would be f o r c e d upon the o b s e r v e r . T h i s c h a p t e r has 
d e a l t w i t h some o f t h e most c o n s i d e r a b l e c o n s t r a i n t s 
encoun te red by t h e S a n d e r l i n g . I n subsequent c h a p t e r s 
I w i l l d i s c u s s o t h e r c o n s t r a i n t s and show how these 
c o n s t r a i n t s h e l p shape the a c t u a l p a t t e r n s o f t h e 
S a n d e r l i n g * s f o r a g i n g b e h a v i o u r . 
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CHAPTER 3. THE DISTRIBUTION OF EORACtING SANDERLING I N 
RELATION TO THE DISTRIBUTION OF THEIR FOODS 
3 . 1 I n t r o d u e t i o n 
L i t t l e i s known about t he f e e d i n g h a b i t s o f 
S a n d e r l i n g . P r o b i n g i n wet sand, f e e d i n g i n t h e wave body 
and f o r a g i n g a l o n g t h e s t r a n d l i n e , l e f t by r e c e d i n g 
waves, a r e t h e main f o r a g i n g o c c u p a t i o n s . Townsend (1920) 
r e c o r d e d S a n d e r l i n g p r o b i n g f o r sand f l e a s and o t h e r 
c r u s t a c e a n s and s t a t e d , "1 have a r e c o r d o f one I shot 
i n 1884, whose stomach was s t u f f e d w i t h s m a l l specimens, 
o f t h e common musse l . M y t i l u s e d u l i s " . Bent (1962) 
r e c o r d s S a n d e r l i n g t a k i n g , "sand f l e a s , s h r i m p s , and o t h e r 
s m a l l c r u s t a c e a n s , s m a l l m o l l u s k s , mar ine worms, f l i e s , 
f l y l a r v a e , and o t h e r i n s e c t s , and sometimes a few seeds". 
O b s e r v a t i o n s on f e e d i n g i n d i v i d u a l s a t Bodega Bay, 
C a l i f o r n i a , have shown S a n d e r l i n g to be t a k i n g megalops 
o f E m e r i t a ana loga and t h e i sopods E x c i r o l a n a l i n g u i f r o n s 
and E. k i n c a i d i i (Myers e t . a l . 1980) . S a n d e r l i n g t ake 
t hese i sopods by p r o b i n g i n t h e s u b s t r a t e ( t a c t i l e method) 
o r as t h e i sopods r i s e o u t o f t he s u b s t r a t e and swj.m i n 
t h e wave wash ( v i s u a l m e t h o d ) . 
The f e e d i n g a c t i v i t y o f waders i s p a r t l y de t e rmined 
by t i d e t i m e ( B u r g e r e t . a l . 1977 and Myers e t . a l . 1981 ) . 
T h i s s e t s c o n s t r a i n t s on f e e d i n g , i n f l u e n c e s f o r a g i n g 
s t r a t e g i e s and b r i n g s b i r d s i n t o c lose c o n t a c t , t hus 
i n c r e a s i n g t h e l i k e l i h o o d o f a g g r e s s i o n (Recher & Recher 1969) 
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The l o c a t i o n o f t h e t i d e can a f f e c t p rey a c t i v i t y , and 
t h u s a v a i l a b i l i t y , as w e l l , as t he b i r d s ' a b i l i t y t o 
p e n e t r a t e t h e f e e d i n g s u b s t r a t e (Myers e t . a l . 1980) . 
Bu rge r e t . a l . (1977) f o u n d t h a t on t h e o u t e r beach (ocean 
s i d e ) o f C^j^- Mo^\j , S a n d e r l i n g reached peak abundance 
a f t e r l o w t i d e w i t h a secondary peak a f t e r h i g h t i d e . 
Much r o o s t i n g o c c u r r e d between these t i m e s . I n t h i s a r ea , 
S a n d e r l i n g f e d e x c l u s i v e l y on w a t e r - c o v e r e d sand. On 
t h e i n n e r beach , where t h e r e was n e g l i g i b l e s u r f a c t i o n 
S a n d e r l i n g f e d on the w a t e r ' s edge. 
T h i s c h a p t e r d e s c r i b e s t he g e n e r a l movement o f 
S a n d e r l i n g w i t h i n t h e i r s o u t h - s i d e h a b i t a t s , i n c l u d i n g an 
a n a l y s i s o f r o o s t i n g l o c a t i o n and p a t t e r n s . Hav ing p r o v i d e d 
an o v e r v i e w , I then g i v e a more d e t a i l e d a n a l y s i s o f the 
c o r r e l a t i o n o f p r e y d e n s i t y w i t h b i r d l o c a t i o n . The t i d e 
de t e rmines where t he b i r d s can f e e d by a l t e r i n g p r e y • 
a v a i l a b i l i t y and a c t i v i t y , and s u b s t r a t e p e n e t r a b i l i t y . 
The q u e s t i o n o f where t h e b i r d s a r e f e e d i n g when t h e m a j o r 
p r e y i s made a v a i l a b l e i s addressed . I then d e s c r i b e 
f a c t o r s wh ich a l t e r t h e g e n e r a l p a t t e r n and ana lyze d a t a 
on group s i z e i n f o r a g i n g S a n d e r l i n g . F i n a l l y , I d i s c u s s 
t h e ways i n whicVi movement o f t h e b i r d s a f f e c t t h e i r 
gen e r a l e c o l o g y . 
3.2 Methods 
Counts o f S a n d e r l i n g were made f r o m a L a n d r o v e r 
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d r i v e n a l o n g the upper beach . A l l coun ts were t aken w i t h 
r e f e r e n c e t o t h e f i v e s a m p l i n g t r a n s e c t s . A f t e r h i g h water 
t h e upper beach o f t e n h e l d enough water t o make d r i v i n g 
t h e r e dangerous , so t h a t more counts were made on r i s i n g 
t h a n f a l l i n g t i d e s . Counts were taken t h r o u g h o u t t h e 
w i n t e r p e r i o d ( l a t e September t o e a r l y May) w i t h as 
even a mon th -by-month d i s t r i b u t i o n as p o s s i b l e . S e v e r a l 
coun t s were o c c a s i o n a l l y made on a s i n g l e day . T h i s was 
n o t p o s s i b l e on most d a y s . A l l r o o s t i n g and c o l o u r - m a r k e d 
S a n d e r l i n g were n o t e d . 
D u r i n g 1977-78 t h e s i z e o f f e e d i n g groups was 
d e t e r m i n e d a l o n g w i t h t h e t o t a l number o f b i r d s w i t h i n 
t h e f i v e t r a n s e c t a reas o f Coathara Sands. Group s i z e was 
d e t e r m i n e d by means o f a commentary, spoken i n t o a t ape 
r e c o r d e r w h i l e d r i v i n g a l o n g t h e beach. Closeness ( n o t 
e x c e e d i n g f i v e m e t r e s ) and o b s e r v a b l e d i r e c t i o n a l 
c o o r d i n a t i o n i n movement were used t o d e f i n e t h e l i m i t s o f 
a f o r a g i n g g r o u p . 
3.3 R e s u l t s 
3 . 3 a Genera l d i s t r i b u t i o n 
D u r i n g each t i d a l c y c l e S a n d e r l i n g changed t h e i r 
f e e d i n g s i t e s p r o g r e s s i v e l y a l o n g a 3 km s t r e t c h o f beach , 
spend ing t h e l o w wa te r h o u r s a t Goatham Rocks , Redcar Rocks 
o r Redcar Beach, then mov ing n o r t h w a r d s , r e a c h i n g the bay 
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a t t r a n s e c t 5 one o r two hours b e f o r e h i g h w a t e r . On the 
ebb ing t i d e t he p a t t e r n was r eve r sed ( P i g . 3 . 1 ) . 
S a n d e r l i n g made t h e i r f i r s t appearance on Coatham 
Sands one hour a f t e r low wa te r but d i d n o t occur i n 
a p p r e c i a b l e numbers u n t i l two hours a f t e r low w a t e r , when the 
f l o o d t i d e began t o cover t h e main zone o f N e r i n e . T ransec t s 
1 and 2 (P-G) wore t h e i n i t i a l f e ( ; d i n g areas f o r a l a r g e 
p r o p o r t i o n of.' t h e b i r d s , w i t h a g r a d u a l movement o f 
SanderJ. ing c o n t i n u i n g a l o n g Coatham Sands ( P i g . 3 . 2 ) . By 
low wate r p l u s 4 .5 hours t h e main N e r i n e zone was covered 
a t t r a n s e c t s 1 to 4 and t h e b i r d s c o n c e n t r a t e d i n t h e l i m i t e d 
areas o f beach where Bat l iy p o r e i a and P u r y d i ce were a v a i l a b l e , 
namely a t t r a n s e c t 5 amj f u r t h e r n o r t h . The b i r d s remained 
i n t h i s a rea u n t i l h i g h wate r p lus one hour , e i t h e r 
r 0 0 s t j . n g 0 r f e (• d. i n g . 
j J u r i n g t i iG p e r i o d between HW + 1 <ud HW + 2 , 
t h e b i r d s began moving back towards Redcar Rocks . B i r d s 
f l e w back i n groups o f t o 30 b i r d s or f e d a l o n g the beach 
w h i l e moving s o u t h . By IJ'A' + 3 few S a n d e r l i n g , i f any, 
remained on Coatham Sands. 
S a n d e r l i n g a t the Redcar a rea cou ld be separa ted 
i n t o t h r e e g r o u p s : b i r d s f o r a g i n g on the r o c k s , b i r d s f o r a g i n g 
on Redear lieach and r o o s t i n g i n d i v i d u a l s . b ' ig . 5.3 shows the 
number o f S;.xnderling . fedd ing a t }\edcar Rocks d u r i n g s 'pr ing 
t i d e s and neap t i d e s . S a n d o r l i n g were p resen t on the rocks 
between ilW + 3 and T.v/ + 2, 
F i g u r e 3 . 1 . 
Average numbers o f S a n d e r l i n g on Fledcar 
Rocks (O) 'ind Coatham Sandy (@) 
t h r o u g h o u t t h e t i d a l c y c l e d u r i n g the 
1977-78 w i n t e r ( l a t e Scjptember t o e a r l y 
M ay ) . 13 r o k e n 1 i n e s li o w s numbers o f 
r o o s t i n g i n d i v i d u a l s on Coatham Sands. 
i 'Mgurrs f o r Redcar Rocks and Coatharn Sands 
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' i g u r e 3 . 2 . ..' 
Percentages o f t o t a l S a n d e r l i n g 
((>T:di.natfO on Coatharn Sands i n the 
f i v e areas a t d i f f e r e n t t i m e s a f t e r 
low water . Un ly f e e d i n g i n d i v i d u a l s 
were con s i d e r o d . T h i s da ta i s taken 
o n l y f r o m coun t s d u r i n g neap and 
m i d - t i d e days, ( t i d e n o t g r e a t e r than 
5.3 m ) . Counts weare based on neap-
t i d e l e v e l s ( t h u s low water p l u s f i v e 
hours on a neap t i d e and low water 
{Aug f o u r hours on a m i d - t i d e were 
equ;i veilont) . 
S(;e i<\i.gure 2.1 f o r d e s c r i . p t i o n o f areas 
F t o K. 
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F i g u r e 3 . 3 . 
Numbers o f S a n d e r l i n g f e e d i n g on 
Redcar i iocks ( 1 9 7 7 - 7 8 ) . S o l i d 
symbols r e p r e s e n t counts on s p r i n g 
t i d e s and open symbols r e p r e s e n t 
coun ts f o r neap t i d e s . Each symbol 
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3 .3b R o o s t i n g p a t t e r n s 
R o o s t i n g a t Redcar l iocks showed a seasonal t r e n d , 
b e i n g f r e q u e n t d u r i n g Sept^-^mber-November and becoming l e s s 
f r e q u e n t i n e a r l y .December, as beacli f e e d i n g was becoming 
more f r e q u e n t . T h i s p a t t e r n v;as s i m i l a r f o r t he two y e a r s , 
1976-77 and 1977-78 . Roos t i .ng a t Redcar Rocks aga in 
became more f r e q u e n t i n ear:iy A p r i l . R o o s t i n g was more 
f r e q u e n t b e f o r e low w a t e r . 
The second main a r ea used by S a n d e r l i n g f o r 
r o o s t i n p ; was Coo.tharn San.'Js, m a i n l y i n the £irea beyond t r a n s e c t 
5, where a i .arge expanse? o f upper beach remained uncovered 
a t h i g h wa te r ( . i ' ' ig . 3 . 4 ) . l ; o o s t i n g a l o n g Coatham Sands 
v a r i e d wj . th the season. ' 'I 'tiroughout August and September o f 
1977,most b i r d s r o o s t e d t h e r e over h i g h w a t e r . By 
November few S a n d e r l i n g yjern r o o s t i n g a,nd w i t h l e s s r e g u l a r i t y , 
n o t becoming f r e q u e n t aga in u n t i l March o f 1978. Cn s p r i n g 
t i d e s , b i r d s began roosti.n!.•; a t LV/ + 4 a.nd l e f t t h e r o o s t 
a t iiW + 2 . Most o f t l i e r o o s t i n g on neap t i d e s o c c u r r e d 
a f t e r i i i g h wat.M;-. Tab l e 5 . 1 summarizes t h e g e n e r a l p a t t e r n s 
o:[' Sand er_li. n g rno v ernen t . 
F i g u r e 3.4. 
i'Niumbers o f Garidejrl.i.ng roostln!-'; on 
OoaLliain Sa.ndB. Open symbols 
r 0 J,) r c s c ri 1, s f) r i n g - 1 i. d e r o o s t i r g 
and s o l i d symbols rejpresent 
r o o s t i n g d u r i n g a l l o l h e r t i d a l 
h e i g h t s. ;', a cAi symbol r e p r e s e n t s 
a sin;';!'.^ count,. Counts are taken 
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TABLE 3.1 
Summary of S a n d e r l i n g movement along; c o a s t a l 
rocks and beaches. 
HW - Roost a t Coatham Sands. 
- On neap t i d e s may feed on Coatham Sands over HW. 
HW+1 - Movement south begins at Coatham Sands. 
- F i r s t a r r i v a l s a t Redcar Rocks. 
- Some i n d i v i d u a l s continus to roost a t Coatham 
Sands^(neap t i d e s ) . 
HW+2 - Continued appearance a t Redcar Rocks. 
HW+3 - Rapid i n c r e a s e of numbers at Redcar Rocks. 
- Almost complete disappearance from Coatham Sands. 
HW+4 - Most b i r d s a t Redcar Rocks and feeding. 
HW+5 - Pronounced r o o s t i n g a t Redcar Rocks. 
- Few b i r d s moving to Redcar Beach and some 
i n d i v i d u a l s r a d i a t i n g f u r t h e r south. 
LV/ - B i r d s continue to move onto the beach a t Redcar. 
- Some b i r d s moving onto beach and out of the ar e a . 
lW+1 - B i r d s c o n t i n u e to move to Redcar Beach. 
- F i r s t appearance of birds on Coatham Sands. 
LW+2 - Rapid decrease of b i r d s a t Redcar Beach and Rocks. 
- Spring t i d e s - few b i r d s may remain a t Redcar. 
- Areas F - I h e a v i l y used at Coatham Sands. 
LW+3 - Rapid i n c r e a s e of b i r d s on Coatham Sands. 
- Slow build-up a t ar e a s J-K. 
-Main band of Marine exposed. 
LW+4 - Nerine band exposed; soon to be covered. 
- Large s h i f t from F - I to J-K occurs. 
- Roosting begins on Coatham San d s ^ ( s p r i n g t i d e s ) . 
LV,'+5 - Almost 60 percent of the b i r d s i n J-K. 
- Roosting continues a t Coatham San d s ^ ( s p r i n g and 
neap t i d e s ) . 
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3.3c Nerine d e n s i t i e s a t Goatham Sands and the l o c a t i o n o f 
f o r a g i n g S a n d e r l i n g - t h e t e s t o f some f i e l d d a ta 
I n F i g s . 3.5 and 3.6, the l o c a t i o n o f the t i d e 
(metres below t h e HVvfM) a t each hour a f t e r h i g h water and 
the N e r i n e d e n s i t i e s a t each l o c a t i o n are pre s e n t e d . -Can 
these be used t o p r e d i c t t h e l o c a t i o n o f f o r a g i n g Sanderling? 
F i g . 3.6 suggests t h a t i f l ^ e r i n e d e n s i t i e s are t h e main 
d e t e r m i n a n t o f S a n d e r l i n g f o r a g i n g l o c a t i o n ( g i v e n the 
l o c a t i o n o f t h e t i d e ) , S a n d e r l i n g should be most numerous 
a t t r a n s e c t s 1 t o 4 a t 20 m t o 90 m below t h e HWM (HW + 1 
t o HW + 3 and, LW + 3 t o LW + 5; see F i g . 3.2). 1 t e s t e d , 
by r e g r e s s i o n a n a l y s i s , f o r a r e l a t i o n s h i p between the 
number o f f o r a g i n g S a n d e r l i n g a t p o i n t s a l o n g Coatham 
Sands and N e r i n e d e n s i t i e s . No c o r r e l a t i o n e x i s t e d . TAos 
N e r i n e d e n s i t i e s alone can n o t p r e d i c t t he l o c a t i o n o f 
f o r a g i n g ' S a n d e r l i n g . Due t o the h i g h p a t c h i n e s s o f the 
crustacean prey, a s i m i l a r a n a l y s i s c o u l d n o t be performed. 
The c o n s t r a i n t s which determine the d i s t r i b u t i o n o f 
f o r a g i n g S a n d e r l i n g w i l l be f u l l y d e t a i l e d i n the 
d i s c u s s i o n s o f Chapters 3 and 4. 
3.3d F a c t o r s a l t e r i n g g e n e r a l p a t t e r n s 
D e v i a t i o n s from t h e d i s t r i b u t i o n s d e s c r i b e d i n 
3.3a o c c u r r e d o c c a s i o n a l l y d u r i n g the w i n t e r p e r i o d . 
D u r i n g a severe c o l d s p e l l i n January and February 1978, 
F i g u r e 3.5. 
The l o c a t i o n o f t h e t i d e and t h e d e n s i t y 
N e r i n e a t t r a n s e c t 5 f o r each hour 
a f t e r h i g h water. 
F i g u r e 3.6. 
The l o c a t i o n o f t h e t i d e and t h e d e n s i t y 
o f N e r i n e a t t r a n s e c t s 1 t o 4 f o r each 
hour a f t e r h i g h water. 
Legend f o r F i g u r e s 3.5 and 3.6: 
(O) Neap t i d e 
( # ) S p r i n g t i d e 
0-500 Nerine/m^ 
[0 501-1000 Nerine/ra^ 
g r e a t e r than 1000 Nerine/m 
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Coatham Sands was i n u n d a t e d by thousands o f r o o s t i n g g u l l s . 
S a n d e r l i n g avoided f e e d i n g i n these areas f o r s e v e r a l 
t i d a l c y c l e s . On January 2 5 t h , thousands o f g u l l s were 
l o a f i n g on Ooatham Sands and Redcar Rocks. At low water, 
o n l y 20 S a n d e r l i n g were a t Redcar Rocks, w h i l e a f l o c k 
i n excess o f 300 were seen a t t h e t i p o f S a l t b u r n Rocks, 
some 8 km f u r t h e r s o u t h . On February 8, LW + 1, 120 
S a n d e r l i n g were f e e d i n g on Redcar Rocks. By LW + 2, ,^ 
more than 200 S a n d e r l i n g were f e e d i n g on t h e beach a t 
Redcar. By LW + 3, Redcar Rocks were covered, y e t only 
15 S a n d e r l i n g had moved t o Coatham Sands. Several 
thousand g u l l s were s t i l l p r e s e n t on Coatham Sands. At 
LW + 4.5, no S a n d e r l i n g were t o be found on Coatham Sands. 
At t h i s t i m e , 319 S a n d e r l i n g were r e p o r t e d r o o s t i n g a t 
Crimdon Dene, t o t h e n o r t h o f t h e e s t u a r y . Common G u l l s 
were sometimes seen i n p u r s u i t o f f e e d i n g S a n d e r l i n g a t 
Redcar Rocks and areas a l o n g Coatham Sands. 
Three a d d i t i o n a l f a c t o r s which m o d i f i e d t h e 
expected r o u t i n e o f f o r a g i n g S a n d e r l i n g were: i ) t h e 
occurrence o f wrack o r c o a l dust along Coatham Sands; 
i i ) t h e occurrence o f opened b i v a l v e s , e i t h e r t h r o u g h 
t h e i r detachment and death d u r i n g c o l d s p e l l s or those 
l e f t opened and p a r t l y eaten by O y s t e r c a t c h e r s ; and 
i i i ) v e r y s t r o n g winds, e s p e c i a l l y those b l o w i n g o f f t h e 
shore. 
V/rack and c o a l dust c o n c e n t r a t e d t h e b i r d s i n 
v e r y l i m i t e d areas, a l t h o u g h they d i d n o t become n o t i c e a b l y 
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more a g g r e s s i v e . Large f l o c k s o f Knot, o f t e n i n excess o f 
2000 b i r d s , a l s o f e d on t h e c o a l dust (which c o n t a i n e d 
much M y t i l u s s p a t ) and S a n d e r l i n g tended t o keep t o the 
o u t s i d e o f these f l o c k s . S a n d e r l i n g mixed much more 
f r e e l y w i t h D u n l i n . They would o f t e n a v o i d Turnstone, as 
t h e Turnstone were o f t e n a g g r e s s i v e towards S a n d e r l i n g , 
r o b b i n g them o f b o t h b i v a l v e s and crabs. 
Wrack and c o a l dust on Coatham Sands delayed t h e 
t i m e o f t h e b i r d s ' d e p a r t u r e so t h a t t h e y d i d n o t move t o 
Redcar Beach b e f o r e t h e Rocks were exposed. Under such 
c o n d i t i o n s , S a n d e r l i n g r e t u r n e d t o Coatham Sands a f t e r 
low water e a r l i e r than normal and reduced t h e time spent 
r o o s t i n g a t h i g h water a t t r a n s e c t 5. Indeed, they o f t e n 
f a i l e d t o reach t he area o f t r a n s e c t 5 a t any time d u r i n g 
t h e t i d a l c y c l e . 
There was much f l u c t u a t i o n i n t h e t o t a l numb'ers 
o f S a n d e r l i n g u s i n g t h e south s i d e o f t h e e s t u a r y from one 
day t o the n e x t . As w i t h t he Turnstone, S a n d e r l i n g were 
q u i c k t o l o c a t e l a r g e and 'unusual' food sources. On 
January 22 and February 1 o f 1977, enormous wrack beds 
were p r e s e n t on Goatham Sands and on those days the numbers 
o f S a n d e r l i n g u s i n g t h e area i n c r e a s e d markedly ( t o 1024 
on January 22 and t o 1200 on February 1 ) . 
I t was d i f f i c u l t t o know whether t he numbers o f 
O y s t e r c a t c h e r s p r e s e n t on Coatham Sands a f f e c t e d t h e numbers 
o f S a n d e r l i n g . By opening l a r g e mussels b u t n o t e a t i n g 
a l l t h e f l e s h t h e y p r o v i d e d an a d d i t i o n a l source o f food 
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f o r S a n d e r l i n g b u t p r o b a b l y d i d not a c t u a l l y change the 
d i s t r i b u t i o n . E x p l o r i n g t h e s h e l l s l e f t by O y s t e r c a t c h e r s 
was a common p r a c t i c e f o r b o t h S a n d e r l i n g and Turnstone. 
I n most s h e l l s some p a r t s o f t h e abductor muscles as well 
as mantle t i s s u e were l e f t . S a n d e r l i n g a c t i v e l y searched 
f o r these s h e l l s w h i l e Turnstone w a i t e d i m p a t i e n t l y by a 
f e e d i n g O y s t e r c a t c h e r , r e m a i n i n g close u n t i l i t l e f t t h e 
b i v a l v e . T h i s b e h a v i o u r o f t h e Turnstone has a l s o been 
no t e d by Campbell ( 1 9 6 6 ) . 
S t r o n g winds c r e a t e d severe problems f o r f e e d i n g 
S a n d e r l i n g , e s p e c i a l l y o f f s h o r e winds which blew dry sand 
from t h e upper beach. S a n d e r l i n g f e e d i n g out i n t o t h e 
waves expe r i e n c e d d i f f i c u l t i e s as t h e wind blew t h e i r 
f e a t h e r s about. When r u n n i n g up from t h e v/aves t h e d r y 
sand b e i n g blown i m p a i r e d t h e i r v i s i o n . I t became d i f f i c u l t 
f o r the b i r d s t o m a i n t a i n t h e i r very p r e c i s e s p a c i n g 
w i t h i n t h e groups. On 27/4/1977 very s t r o n g winds o c c u r r e d ; 
a t HW + 1 .5 , 400 S a n d e r l i n g were r o o s t i n g on Bran Sands. 
At HW + 3, 160 S a n d e r l i n g had moved t o Redcar Rocks and 
were r o o s t i n g t h e r e . No S a n d e r l i n g were seen on any p a r t 
o f Goatham Sands on t h a t day. 
I n f o r m a t i o n r e g a r d i n g the d i s t r i b u t i o n o f 
S a n d e r l i n g w i t h i n a l l o f the e s t u a r y can be found i n Appendix 
3.1. T h i s i n f o r m a t i o n w i l l be discussed i n Chapter 4. 
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3.3e Group s i z e i n f o r a g i n g S a n d e r l i n g 
S a n d e r l i n g moved a l o n g t h e beach i n groups o f 
two or more. The move from Redcar and Coatham Rocks t o 
t r a n s e c t 5 and beyond was achieved by f l y i n g t o t r a n s e c t s 
1 and 2 and mov i n g n o r t h , f e e d i n g as t h e y d i d so. 
S a n d e r l i n g c o n c e n t r a t e d i n s t r e t c h e s o f t i d e edge 20 m t o 
50 ra l o n g ; p r o b a b l y due t o l o c a l c o ncentratsion^-of prey 
and b e h a v i o u r a l i n t e r a c t i o n s . Where waves o c c u r r e d i n 
r a p i d succession ( e . g . , no f l a t t e n e d area behind the wave 
edge) t h e b i r d s c o u l d n o t v e n t u r e f a r beyond t h e edge and 
were f o r c e d i n t o h i g h e r c o n c e n t r a t i o n s . 
F i g . 3.7 shows t h e i n c r e a s e i n group s i z e w i t h 
i n c r e a s i n g numbers o f b i r d s f o r a g i n g i n each s e c t i o n o f 
Coatham Sands. I n a l l f i v e cases (areas F t h r o u g h J ) 
r e g r e s s i o n a n a l y s i s showed a s i g n i f i c a n t r e l a t i o n s h i p 
between, group s i z e and number o f b i r d s i n t h e areas. 
There were no s i g n i f i c a n t d i f f e r e n c e s amongst the f i v e 
slopes,.(group s i z e i n c r e a s e d i n much t h e same r a t e i n 
each s e c t i o n ) . The c o m p o s i t i o n of group s i z e s a l o n g 
Coathara Sands i s shown i n F i g . 3.8. 
3.4 D i s c u s s i o n 
Waders have been shown t o respond t o s p a t i a l 
v a r i a t i o n s i n t h e d e n s i t y o f t h e i r prey and t o the 
p r o f i t a b i l i t y o f f o r a g i n g a t d i f f e r e n t s i t e s (Goss-Custard, 
F i g u r e 5.7 ( a - e ) . 
The r e l a t i o n s h i p between the number of 
foraging Sanderling i n an a r e a and the 
mean group s i z e . The a b c i s s a r e p r e s e n t s 
the t o t a l number of foraging Sanderling, 
f o r any one count i n the s p e c i f i e d a r e a . 
The o r d i n a t e r e p r e s e n t s the mean group 
s i z e , f o r any one count. (For example, 
i n a r e a F, on 20/9, 62 S a n d e r l i n g were 
i n the a r e a i n feeding groups of: 1,1, 
2,2,3,3,10,16 and 24 i n d i v i d u a l s , g i v i n g 
a mean group s i z e of 6.9.) A l l counts 
are from the 1977-78 win t e r , 
a- Area P 
Slope 0.03098 
r 0.52185 
P C 0.01 w i t h 25 degrees of 
freedom 
b- Area G 
Slope 0.03113 
r 0.51246 
P <.0.01 wi t h 24 degrees of 
freedom 
c- Area H 
Slope 0.03452 
r 0.59638 
P < 0.01 with 23 degrees of 
freedom 
d- Area I . 
Slope 0.04712 
r 0.63553 
P < 0.001 with 23 degrees of 
freedom 
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F i g u r e 3.8. 
Groups s i z e s t r u c t u r e f o r f o r a g i n g 
S a n d e r l i n g i n the f i v e areas a l o n g 
Coatham Sands. O r d i n a t e shows t h e 
percentage o f groups r e p r e s e n t e d by 
t h e f o u r s i z e c l a s s e s : 1, 2-4, 5-7 
and groups w i t h more than 7 i n d i v i d -
u a l s . N i s t h e number o f groups 
s t u d i e d i n each area. A l l data are 
from 1977-78 w i n t e r . See t e x t f o r 



































1970, 1979; Myers .et. a l . 1979). Where t i d a l exposure 
d i f f e r s i n a s e t o f h a b i t a t s , waders may fo r a g e sequen-
t i a l l y i n o r d e r t o i n c r e a s e a v a i l a b l e f o r a g i n g time 
(Goss-Custard 1969 and Heppleston 1971). Connors e t . 
a l . (1981) found t h a t S a n d e r l i n g foraged amongst t i d a l 
f l a t s and beach areas, e x p l o i t i n g t h e most p r o f i t a b l e 
l o c a t i o n s . Along the south s i d e o f the Tees E s t u a r y , 
t h e r o c k o u t c r o p s and the beach areas (Coatham Sands and 
Redcar Beach) comprise the major f o r a g i n g h a b i t a t s o f 
t h e S a n d e r l i n g . The s w i t c h i n f o r a g i n g l o c a t i o n s between 
Redcar Rocks (Beach) and Coatham Sands ( F i g . 3.1) i s 
t i d e - d e t e r m i n e d . At low water the rocks are uncovered 
and t h e i n v e r t e b r a t e prey are n o t a v a i l a b l e a t Coatham 
Sands; app r o a c h i n g h i g h water, the rocks are covered and 
th e main bands o f i n v e r t e b r a t e prey are a v a i l a b l e a t 
Coatham Sands. 
To understand t h e movement o f S a n d e r l i n g a l o n g 
the beach a t Coatham Sands, b o t h the environmental con-
s t r a i n t s p l a c e d on t h e S a n d e r l i n g and t h e i r g e n e r a l 
ecology ( e . g . , r o o s t i n g p a t t e r n s ) must be discussed. 
The t i d e i s t h e major c o n s t r a i n t of f o r a g i n g S a n d e r l i n g , 
f o r i t determines where t h e b i r d s are able t o fe e d . I f 
S a n d e r l i n g can o n l y f e e d on Merine and the crustacean 
prey when an area i s wave-washed, t h e t i d e becomes t h e 
i n d i c a t o r o f a v a i l a b i l i t y . A d d i t i o n a l c o n s t r a i n t s could 
be space or b e h a v i o u r a l c o n s t r a i n t s , p h y s i c a l f e a t u r e s 
o f t h e beach o r a c t u a l f o r a g i n g techniques (see Chapter 4 ) , 
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p r o x i m i t y o f s u i t a b l e r o o s t i n g s i t e s o r b e h a v i o u r o f the 
p r e y s p e c i e s . 
The m a j o r change i n S a n d e r l i n g d i s t r i b u t i o n 
a l o n g Coatham Sands o c c u r s a t LV/ + 4 ( two h o u r s b e f o r e 
h i g h w a t e r - HW + 10) ( F i g . 3 . 2 ) . At t h i s t i m e t h e r e i s a 
s h i f t f r o m t r a n s e c t s 1 — 4 t o t r a n s e c t 5. A t LW + 4 a 
s p r i n g t i d e a t t r a n s e c t 5 i s a t 70 m t o 80 m below the 
HWM. D u r i n g t h e autumn and s p r i n g , t h i s was t h e a rea o f 
t h e main B a t h y p o r e i a band . Prom HW + 10 t o HW + 1 1 , t he 
most p r o d u c t i v e a reas o f t r a n s e c t s 1 t o 4 (40m t o 70 m 
be low t h e HWI^, Tab le 2 . 8 ) a r e b e i n g covered ( F i g . 3 . 6 ) . 
A t t h i s t i m e e x t e n s i v e a reas o f t r a n s e c t 5 a re s t i l l open 
f o r f e e d i n g , however , t h e N e r i n e c o n c e n t r a t i o n s a re l o w . 
On a s p r i n g t i d e t h e t i d e edge i s pushed t o 10m t o 20m 
below the HWM a t t r a n s e c t s 1 t o 4 and most f o r a g i n g 
S a n d e r l i n g a re a t t r a n s e c t 5, where the t i d e s t i l l has 
40 m t o t r a v e l b e f o r e r e a c h i n g t h e HWM. The m a j o r i t y o f 
t h e b i r d s may n o t be ' c h o o s i n g ' t r a n s e c t 5, b u t r a t h e r , 
t h e y may be pushed f r o m t r a n s e c t s 1 t o 4 by t h e t i d e . 
When t h e t i d e i s a t HW + 9 t o HW + 10 (LW+ 3 t o LW +4) 
N e r i n e d e n s i t i e s a r e a t t h e i r h i g h e s t a t t r a n s e c t s 1 t.g, 4 
and few b i r d s a r e moving i n t o tran^sect 5. No r e l a t i o n s h i p 
c o u l d be e s t a b l i s h e d between the l o c a t i o n o f S a n d e r l i n g 
and the d e n s i b i e s o f N e r i n e . The s i t u a t i o n i s o b v i o u s l y 
f a r more c o m p l i c a t e d . I \ ler ine g r e a t e r than 10 mm were i n 
s i g n i f i c a n t l y g r e a t e r p r o p o r t i o n a t l o w e r t i d a l h e i g h t s 
a t t r a n s e c t s 1 t o 4 ( T a b l e 2 .10 and F i g 2 . 7 ) . At t r a n s e c t s 
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1 t o 4 t h e g r e a t e s t p r o p o r t i o n o f l a r g e N e r l n e o c c u r r e d 
a t LV/ + 2 . li'rom t h e a l o n g s h o r e d a t a , more than 30% o f 
3-11' N e r i n e a t 50 m below t h e H V i / M , be longed t o t h e t h r e e 
s m a l l e s t s i z e c l a s se s ( 4 mm, 5 mm and 6 mmm), . / T h i s may 
be a f a c t o r i n t he s h i f t o f b i r d s f r o m t r a n s e c t s 1 t o 4 
t o t r a n s e c t 5 a t LW + 4 . 
Group s i z e was shown t o i n c r e a s e w i t h t h e 
number o f S a n d e r l i n g i n an a r ea ( F i g . 3 . 7 ) . There was 
no n o t i c e a b l e i n c r e a s e i n a g g r e s s i o n w i t h i n c r e a s i n g 
g roup s i z e . B i r d s i n groups moved t o g e t h e r and a d d i n g 
i n d i v i d u a l s t o t h i s movement d i d no t cause a breakdown 
i n f e e d i n g p a t t e r n s . Where waves o c c u r r e d i n r a p i d 
success ion ( t h e upper beach a t t r a n s e c t s 1 t o 4) no 
f l a t t e n e d a r e a b e h i n d t h e wave was a v a i l a b l e f o r b i r d s t o 
f e e d i n . T h i s h e l p e d t o l i m i t t h e number o f b i r d s i n an 
a rea by c o n c e n t r a t i n g them i n a s i n g l e d i m e n s i o n , 
i n c r e a s i n g t h e o p p o r t u n i t y f o r i n t e r f e r e n c e . The beach 
a rea a t t r a n s e c t 5 has a s h a l l o w s lope where f l a t t e n e d 
a reas f o r f e e d i n g a re e x t e n s i v e . 
B i r d s moved p r o g r e s s i v e l y f r o m t r a n s e c t 1 t o 
t r a n s e c t 5, seldom s t o p p i n g t o f e e d i n any one a rea and 
r a r e l y moving sou th t o n o r t h ( a l o n g t h e b e a c h ) . T h i s 
p a t t e r n o f movement h e l p e d t o mask any p o s s i b l e r e l a t i o n -
s h i p w i t h t h e b i r d s ' l o c a t i o n and prey d e n s i t y . 
One way i n wh ich b i r d s can i n c r e a s e t h e i r 
f o r a g i n g t i m e i s t o reduce r o o s t i n g d u r i n g d a y l i g h t hours 
(Goss -Cus ta rd e t . a l . 1977^) . D u r i n g m i d - w i n t e r S a n d e r l i n g 
55 
seldom r o o s t e d d u r i n g t h e t i d a l c y c l e . I f r o o s t i n g d i d 
occu r i t was o n l y when no f o r a g i n g h a b i t a t r e m a i n e d . 
D u r i n g neap t i d e s (4 .1 m t o 4.3 m) b i r d s were a b l e t o 
f e e d even a t h i g h w a t e r , as t h e upper beach was n o t 
cove red and many S a n d e r l i n g n e v e r reached t r a n s e c t 5. 
W i t h f o r a g i n g t i m e a t a- premium ( b i r d s f o r a g e d d u r i n g 
a v a i l a b l e t i m e and d i d n o t f i t the c a t e g o r y o f " t i m e 
m i n i m i z e r s ^ , S a n d e r l i n g s h o u l d c a r e f u l l y s e l e c t t h e areas 
i n w h i c h t h e y f o r a g e . Because o f t h e number o f f a c t o r s 
w h i c h u l t i m a t e l y a f f e c t t h e S a n d e r l i n g ' s c h o i c e o f f o r a g i n g 
l o c a t i o n , i t i s d i f f i c u l t t o say i f t h e y a re " o p t i m a l l y " 
dispersed.^ o r o v e r d i s p e r s e d . S a n d e r l i n g f o r a g e i n g r o u p s . 
B e n e f i t s o f group f o r a g i n g i n c l u d e p r o t e c t i o n f r o m p r e d a t i o n , 
assessment o f c o n s p e c i f i c s ' f o r a g i n g success and l o c a t i o n 
o f clumped p r e y . . B e n e f i t s o f group f e e d i n g on the one 
hand, and t h e r e d u c t i o n o f t i m e spent f e e d i n g t h r o u g h 
i n t e r f e r e n c e on t h e o t h e r , may have d e t e r m i n e d t h e 
" o p t i m a l " g roup s i z e i n a reas a l o n g t h e beach . Such a 
r e g u l a t o r y mechanism, by p a r t i a l l y d i s p e r s i n g f e e d i n g 
i n d i v i d u a l s , may have h e l p e d t o de te rmine t he numbers o f 
S a n d e r l i n g f o u n d i n any a r e a . 
The a rea i n wh ich S a n d e r l i n g r o o s t a t h i g h water 
i s d i r e c t l y up f r o m t h e f i r s t a rea t o become exposed, 
t r a n s e c t 5. Are r o o s t s j u s t a f u n c t i o n o f t he t i d e and 
t h e a v a i l a b i l i t y o f f e e d i n g areas? The a rea beyond 
t r a n s e c t 5 i s r a i s e d beyond the t i d e i n a p r o t e c t e d pocke t 
w i t h a good v iew o f t h e beach and ove rhead . Roost l o c a t i o n s 
56 
may t h u s h e l p d e t e r m i n e t h e f e e d i n g p a t t e r n . 
S a n d e r l i n g have a g r e a t a b i l i t y t o pu t on l a r g e 
s t o r e s o f f a t p r i o r t o m i g r a t i o n i n May ( P r a t e r and Davies 
1978 and Les Goodyer , p e r s . c o m . ) . T h i s may suggest t h a t 
S a n d e r l i n g need n o t c a r r y l a r g e f a t s t o r e s d u r i n g m i d -
w i n t e r , b u t r a t h e r l i v e on t he "edge". T h i s would be 
e s p e c i a l l y a d a p t i v e c o n s i d e r i n g t h e i r f o r a g i n g methods 
and t h e d i s t a n c e s covered by a S a n d e r l i n g w h i l e f e e d i n g . . . 
I f b i r d s do l i v e on t h e "edge", t h e r e i s a need f o r 
f l e x i b i l i t y t o ba l ance t h e d a i l y energy needs. T h i s i s 
a l s o r e f l e c t e d i n t h e use o f unusual f o o d sources (wrack 
and mussle s p a t ) and seasona l changes i n r o o s t i n g p a t t e r n s . 
( F u r t h e r ev idence f o r d a i l y changes i n f e e d i n g p a t t e r n s 
can be f o u n d i n Append ix 3 .1 and i n Chapter 4 ) . 
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CHAPTEH 4 FOR.AGING METHQJJS OF SANDERLING 
4 . 1 I n t r o d u c t i o n 
A l a r g e body o f l i t e r a t u r e has grown up a round 
the i dea s o f o x j t i m a l f o r a g i n g s t r a t e g i e s d u r i n g the pas t 
f i f t e e n y e a r s ( f o r a r e v i e w , see Krebs & Davies 1978) . 
Much o f t h i s l i t e r a t u r e has i t s o r i g i n s i n the e a r l y 
work o f MacAr thu r and P i anka ( 1 9 6 6 ) , What a b i r d i s 
t r y i n g t o op t imix ;e may depend on the r i s k o f p r e d a t i o n 
o r on t he c h o i c e between m.aximiz ing; i ) t he r a t e o f 
f o o d i n t a k e ; and i i ) t he r a t e o f ne t energy ga ins 
(Evans 1 9 7 6 ) . J'lvans p o i n t s ou t some o f the p o s s i b l e 
e f f e c t s w h i c h d i f f e r e n t f e e d i n g t e c h n i q u e s (assuming 
they r e p r e s e n t d i f f e r e n t e n e r g e t i c c o s t s ) may have on 
b o t h t he p r e f e r e n c e and c h o i c e o f a f e e d i n g i n d i v i d u a l . 
F a c t o r s such as h a n d l i n g t i m e , d i f f e r e n c e s i n t he r a t e s 
o f l o c o m o t i o n and n e t c a l o r i f i c a s s i m i l a t i o n are a l l 
i m p o r t a n t . 
The main o b j e c t i v e o f t h i s chap te r i s t o a r r i v e 
a t an u n d e r s t a n d i n g o f the f a c t o r s c o n t r o l l i n g the 
f e e d i n g o f S a n d e r l i n g on the s o u t h s i d e o f t he Tees 
e s t u a r y . An u n d e r s t a n d i n g o f t hese f a c t o r s w i l l h e l p 
t o e x p l a i n how S a n d e r l i n g are a b l e t o v / i n t e r so 
s u c c e s s f u l l y a t Teesmoubh, 
The a n a l y s i s o f S a n d e r l i n g f o r a g i n g beg ins w i t h 
a d e s c r i p t i o n o f the i n d i v i d u a l components o f f o r a g i n g , 
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u s i n g f i l m and taped commenta r i es , the b a s i s o f the f i e l d 
o b s e r v a t i o n s . T h i s i s f o l l o v / e d by a summary o f the 
g e n e r a l f i n d i n g s , a f t e r w h i c h t h e t h r e e f o r a g i n g methods 
a re a n a l y z e d i n d e t a i l . I c o n s i d e r t h e i m p l i c a t i o n s 
o f s o c i a l f e e d i n g and d i s c u s s f e a t u r e s o f t h e f o r a g i n g 
b e h a v i o u r w h i c h a re h o t e x p l a i n e d by d e n s i t y o r 
a v a i l a b i l i t y o f t he p r e y . I n t h e d i s c u s s i o n I use the 
o b s e r v a t i o n s ment ioned i n t h e chap te r t o comment on some 
o f t h e c u r r e n t t r e n d s i n s t u d y i n g o p t i m a l f o r a g i n g . 
The S a n d e r l i n g f e e d i n g a long t h e open coas t 
a r e p r e s e n t e d w i t h a l t e r n a t i v e s i n f o r a g i n g t e c h n i q u e s , 
p l u s a range o f i n v e r t e b r a t e prey species o f v a r y i n g 
d e n s i t i e s . A l o n g t h i s c o a s t a l a rea S a n d e r l i n g have 
been observed t o o b t a i n prey by f o u r main methods: 
i ) f e e d i n g on prey i t e m s on t h e s u r f a c e o f t h e sand 
( s u r f a c e f e e d i n g ) ; . i i ) p e n e t r a t i n g the t o p o f t he sand 
i n a s i n g l e l o c a t i o n ( p r o b i n g ) ; i i l ) p e n e t r a t i n g t he 
t o p o f t h e sand w h i l e making f o r w a r d p rogress ( s t i t c h i n g ) ; 
and i v ) f e e d i n g on prey which have been washed i n t o t he 
wa te r ( w a t e r - c o l u m n f e e d i n g ) . The b i r d s t a k e N e r i n e 
f r o m the s u b s t r a t e and s m a l l c rus taceans f r o m the 
s u b s t r a t e and the w a t e r . The d i s t r i b u t . l o n s o f t he 
t h r e e main i n v e r t e b r a t e prey spec ies a long Coatham Sands 
were h i g h l y p r e d i c t a b l e (Chap te r ?.). N„eX:llLil o c c u r r e d i n 
g r e a t e r d e n s i t i e s than Bathypore.i .a o r I ' lu ryd ice and were 
t h e r e f o r e expec ted to be the most i m p o r t a n t prey i t e m 
f o r S a n d c r l i n g . At a lmos t a l l l e v e l s o f t he beach 
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(me t re s below the HWM, see Chapter 2 ) , and i n most 
a reas a l o n g t} i e beach, N e r i n e were p r e s e n t , a l t h o u g h 
t h e m a j o r i t y o c c u r r e d w i t h i n a nar row zone o f h i g h 
d e n s i t y (40 m t o 70 m below t h e EVM) . 
Energy e x p e n d i t u r e d u r i n g prey c a p t u r e has 
been l a r g e l y i g n o r e d i n much o f t he a v i a n f o r a g i n g 
l i t e r a t u r e . Smi th (1975) was a b l e t o show t h a t Godwi t , 
i n c o l d wea the r , searched s m a l l e r areas and thus reduced 
f o r a g i n g c o s t s by w a l k i n g l e s s . The p o s s i b i l i t y t h a t 
energy e x p e n d i t u r e by a S a n d e r l i n g i n o b t a i n i n g f o o d 
r e p r e s e n t e d a m a j o r demand on t h e energy t h u s a c q u i r e d , 
prompted me t o measure a b i r d ' s r u n n i n g d i s t a n c e 
(measured i n u n i t s o f t i m e ) and d i r e c t i o n , o v e r s h o r t 
f e e d i n g b o u t s . Longer p e r i o d s o f o b s e r v a t i o n s were 
used t o d e t e r m i n e a S a n d e r l i n g ' s t ime a l l o c a t i o n . 
4 . 2 Methods 
The da t a c o l l e c t e d f o r the f o r a g i n g S a n d e r l i n g 
measures t h e e f f e c t s o f s e v e r a l v a r i a b l e s on f o r a g i n g 
b e h a v i o u r and p e r f o r m a n c e . The v a r i a b l e s i n c l u d e d were: 
i ) t h e t h r e e areas o f beach s o u t h o f the e s t u a r y ' s 
mouth ( t r a n s e c t 5, t r a n s e c t s 1 t o 4 , and Redcar Beach, 
see Chapter 2 ) ; i i ) t h e t h r e e main f o r a g i n g methods 
(see a b o v e ) ; i l l ) the f i v e beach p o s i t i o n s ( i n r e l a t i o n 
t o t h e l o c a t i o n o f t h e t i d e edge- dry sand, wet sand, 
t i d e edge, s h a l l o w w a t e r , and wave ( F i g . 4 . 1 ) ) ; i v ) the 
' i g u r e 4 . 1 
The f i v e f e e d i n g p o s i t i o n s i n r e l a t i o n 
t o 1;ho l o c a t i o n o f the wave and the 
m o i s t u r e o f t h e sand. See t e x t f o r 
f u r t t i e r d e s c r i p t i o n . 











two prey t y p e s ( p o l y c h a e t e s and c r u s t a c e a n s ) ; v ) t he 
f l o o d t i .de and ebb t i d e p e r i o d s ; and v i ) the s u c c e s s f u l 
and u n s u c c e s s f u l f e e d i n g a t t e m p t s . 
D e t a i l e d a n a l y s i s o f S a n d e r l i n g f e e d i n g 
t e c h n i q u e s was p o s s i b l e o n l y t h r o u g h t h e use o f c i n e f i l m . 
T h i s was supplemented by t a p e d commentari.es t o p r o v i d e 
a more e x t e n s i v e and a c c u r a t e d e s c r i p t i o n o f t he ways 
i n w h i c h S a n d e r l i n g f o r a g e a l o n g the beach. O b s e r v a t i o n s 
were r e c o r d e d by b o t h f i l m and tapes a t a l l main 
t r a n s e c t s a l o n g Coatham Sands and at Redcar Beach. 
4 . 2 a F i l m 
F i l m i n g was done w i t h a Bolex Hl6 c i n e camera. 
I jcnses used i n c l u d e d a V i v i t a r 85mm-205m.m zoom, V i v i t a r 
2x m u l t i p l i e r and a S o l i g o r 400m.m t e l e p h o t o . Kodachrome~25 
c i n e f i l m - was used . F i l m i n g was c a r r i e d o u t d u r i n g t he 
w i n i e r s o f 1976-77 and 1977-78. I ana lyzed 59 sequences, 
r e p r e s e n t i n g c . 38 ,000 f r a m e s , o r about 30 minu te s o f 
f e e d i n g o b s e r v a t i o n s . A l l f i l m was a n a l y z e d f rame by 
f r a m e . Only those sequences i n which most movements 
and t h e m a j o r i t y o f f o r a g i . n g successes c o u l d be d e t e c t e d 
were used . These 59 sequences were s e l e c t e d f r o m over 
250 sequences. F i l m was a n a l y z e d on a S i n g e r Mark I I I 
M o t i o n Ana lys i . s P r o j e c t o r . A i l sequences were shot a t 
e i t h e r 16 f r a m e s / s e c o n d o r a t 24 f r ames / s econd , depending 
on t he a r e a and t h e t y p e o f f f u n d i n g b e i n g f i l m e d . A l l 
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d a t a t aken f r o m t h e f i l m were made i n r e f e r e n c e t o t h e 
s p e c i f i c f r ame number ( i . e . , a l l a c t i v i t y was sequenced) . 
I n f o r m a t i o n e x t r a c t e d f r o m t h e f i l m i n c l u d e d : 
( 1 ) , t h e f r ame a t wh ich each pace was i n i t i a t e d . 
( 2 ) . t h e f r ame when t h e b i r d ' s b i l l en t e red t he 
sand o r w a t e r , and t h e f r a m e when i t was withdrav\'n 
( g i v i n g t h e d u r a t i o n o f each f e e d i n g a t t e m p t ) . 
( 3 ) . t h e method o f f o r a g i n g ; 
~ s u r f a c e , no p e n e t r a t i o n o f sand s u b s t r a t e , 
- p r o b e , p e n e t r a t i o n o f t h e sand, e i t h e r i n a s i n g l e 
f e e d i n g movement o r i n m u l t i p l e up-and-down 
p e n e t r a t i o n s , a l l i n t he same l o c a t i o n ( i . e . , b i l l 
n o t l e a v i n g t h e s u b s t r a t e and e x t r a c t e d i n t h e same 
p o s i t i o n a t w h i c h i t e n t e r e d ) , 
- s t i t c h f e e d i n g , once t h e b i l l had p e n e t r a t e d t he 
s u b s t r a t e , t h e b i r d would move the b i l l up and 
down, w h i l e w a l k i n g f o r w a r d . Th i s i s a s i m i l a r 
"sewing" s t i t c h t o t h a t made by O y s t e r c a t c h e r s 
f e e d i n g on Cardiuin edu le ( l i u l s c h e r 1976) and by 
t h e N o r t h American D o w i t c h e r (Bur ton 1 9 7 2 ) . 
- w a t e r - c o l u m n fe,Siiillg» w i t h the b i l l i n the wa te r 
w i t h o u t p e n e t r a t i n g the sand . 
( 4 ) . a l l s u c c e s s f u l a t t e m p t s . 
(5 ) . t h e t y p e o f prey t a k e n . SucceSvSful prey 
c a p t u r e s were o f t e n made w i t h o u t any n o t i c e a b l e 
movement. N e r i n e were o f t e n v i s i b l e , e x t e n d i n g 
beyond t h e t i p o f a b i r d ' s b i l l . When f e e d i n g i n 
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t h e wa te r t h e b i l l was o f t e n gaped a f t e r s u c c e s s f u l 
p rey c a p t u r e s (pe rhaps owing t o t h e b i r d h o l d i n g 
t h e e x o s k e l e t o n o f B a t h y p o r e i a and E u r y d i e e ) . The 
b i r d s would o f t e n shake t h e i r heads v i g o r o u s l y a f t e r 
these c a p t u r e s . These were i n t e r p r e t a t e d as 
c r u s t a c e a n c a p t u r e s . When f e e d i n g f o r c rus taceans 
i n t h e w a t e r , ve ry c h a r a c t e r i s t i c movements and 
p o s t u r e s were adop ted by the S a n d e r l i n g ; these 
a re f u l l y d e s c r i b e d i n a l a t e r s e c t i o n . No a t t e m p t 
was made t o d i s t i n g u i s h whether t h e b i r d s were 
f e e d i n g on B a t h y p o r e i a or F u r y d i c e . Bo th o c c u r r e d 
i n the t o p c e n t i m e t r e s o f the sand and b o t h were 
found when s a m p l i n g t h e wate r by means o f a d r a g -
n e t . H e n c e f o r t h , any r e f e r e n c e t o B a t h y p o r e i a 
i n c l u d e s b o t h these prey s p e c i e s . I f t he prey 
c o u l d n o t be dete.rmined f r o m a c h a . r a c t e r i s t i e t y p e 
o f head movement o r by i t s b e i n g v i s i b l e on the 
f i l m , i t was n o t i n c l u d e d i n the a n a l y s i s . 
( 6 ) . t h e h a n d l i n g t i m e , which was measured as the 
number o f f rames a b i r d spent i n the i n j e s t i o n o f 
t he prey once the b i l l had l e f t t h e f e e d i n g s u b s t r a t e . 
Prey h a n d l i n g a l s o o c c u r r e d w h i l e t he b i l l was 
s t i l l i n t he s u b s t r a t e , a l t h o u g h i t was n o t 
p o s s i b l e t o s e p a r a t e prey h a n d l i n g ( w h i l e i n the 
s u b s t r a t e ) f r o m l o c a t i n g the p r e y . ( H a n d l i n g t ime 
i s o f t e n t r e a t e d as a separa te component o f f o r a g i n g 
(Schoener 1971 , Charnov 1973 and 1976) , u s u a l l y t o 
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s i m p l i f y t h e f e e d i n g model b e i n g c o n s t r u c t e d . As 
i t was o b v i o u s t h a t S a n d e r l i n g c o u l d e i t h e r move 
o f f t owa rds t h e i r n e x t prey i t e m or begin to search 
w h i l e h a n d l i n g p r e y , comple te s e p a r a t i o n o f h a n d l i n g 
t i m e f r o m o t h e r components o f f o r a g i n g may n o t 
be j u s t i f j . e d ) . 
(7) . t h e s i z e o f t h e group i n which t he s u b j e c t 
b i r d wa,s f e e d i n g . ( F o r t h e method o f d e t e r m i n i n g 
the g roup s i z e , see Ghapter 3 ) . 
( 8 ) , any i n t e r a c t i o n s w i t h o t h e r b i r d s , 
(9) . t h e b i r d ' s p o s i t i o n w i t h r e s p e c t t o t he wave. 
( 1 0 ) , t h e d i r e c t i o n o f tVie b i r d ' s v i s u a l o r i e n t a t i o n , 
as dete-rrained by the d i r e c t i o n o f t he b i l l . The 
d i r e c t i o n o f t h e b i l l was based on a 36o''^  g r i d w i t h 
.y 0° ( o r 360°) f a c i n g t h e t i d e , 180° f a c i n g d i r e c t l  
away f r o m the t i d e , 90° f a c i n g sou th and p a r a l l e l 
t o t he t i d e and 270° f a c i n g n o r t h s and p a r a l l e l t o 
the t i d e . 
( l l ) . every change i n v i s u a l o r i e n t a t i o n g r e a t e r 
than 10° and the f r a m e v/hen the change o c c u r r e d . 
An example o f how t h e c i n e d a t a was r e c o r d e d i s g i v e n i n 
Appendix 4 . 1 . 
A f t e r t he above da t a had been e x t r a c t e d f r o m 
each sequence, n o t e s were made on the b e h a v i o u r o f the 
s u b j e c t b i r d and o f any c o n s p e c i f i c s v/hich m i g h t have 
a f f e c t e d t h e d i r e c t i o n o f movement o r r e a c t i o n o f the 
s u b j e c t b i r d . As the b i r d s o f t e n f o r a g e d i n g roups , 
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t h e r e was mucVi p o t e n t i a l f o r i n t e r a c t i o n . An a t t e m p t 
was made t o d e t e r m i n e hov/ much o f the sea rch p a t h o f 
each i n d i v i d u a l r e s u l t e d f r o m the behav iou r o f 
c o n s p e c i f i c s , by d i s p l a c e m e n t due t o t he waves and 
f r o m t h e b i r d s e e k i n g a new ' p a t c h ' . 
To l o o k a t t he p o s s i b l e e f f e c t s o f s o c i a l i n t e r a c t i o n s 
d u r i n g f e e d i n g , t he f o l l o w i n f o r m a t i o n was t aken f r o m 
t h e f i l m d u r i n g a second a n a l y s i s of each sequence: 
(1 ) . t h e number o f paces between one f e e d i n g a t t e m p t 
and t h e n e x t . 
( 2 ) . whether t he b i r d f e d i n the same p l a c e a f t e r 
a f e e d i n g a t t e m p t . 
( 3 ) . i f t h e b i r d d i d move away f r o m an a rea a f t e r 
f e e d i n g , and f o r what r e a s o n . 
(4 ) . a l l n o n - c o n t a c t " i n t e r a c t i o n s " w i t h c o n s p e c i f i c s . 
These were l o w i n t e n s i . t y and n o n - t h r e a t b e h a v i o u r s 
such as s t o p p i n g t o watch t h e s u b j e c t b i r d f e e d , 
moving tov/ards a n o t h e r f e e d i n g i n d i v i d u a l o r any 
i n v e s t i g a t i o n o f t he a r ea where ano the r b i r d was, 
or had been f e e d i n g . A l l d i s t a n c e s between 
i n d i v i d u a l s were e s t i m a t e d i n ' b i r d l e n g h t s ' ( b i l l 
t o t a i l ) . 
For d e t a i l s o f computer a n a l y s i s o f the f i l m d a t a see 
Append ix 4 . 2 , 
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4 .2b Tapes 
The f i l m sequences were n o t o f s u f f i c i e n t d u r a t i o n 
t o i n v e s t i g a t e a b i r d ' s t i m e a l l o c a t i o n . Taped 
commentar ies were made t o complement the f i l m d a t a , 
Ze i s s 10 X. 50 b i n o c u l a r s and a S w i f t v a r i a b l e t e l e s c o p e 
were used f r o m a h i d e ( L a n d r o v e r ) . These commentaries 
covered c o n t i n u o u s p e r i o d s o f up t o f i v e m i n u t e s . Of 
o b s e r v a t i o n s c a r r i e d o u t i n 1977-78, 201 o b s e r v a t i o n s 
were d e s c r i b e d by t a p e , t o t a l i n g 490 m i n u t e s . When 
p o s s i b l e , success v/as n o t e d . Recorded i n f o r m a t i o n 
i n c l u d e d : 
( 1 ) , t h e b i r d ' s p o s i t i o n wi . th r e s p e c t t o t h e 
wav e. 
(2 ) . t he d i r e c t i o n o f movement, wh ich cor responded 
to 0 ° , 9 0 ° , 180° and 2 7 0 ° o f the f i l m d a t a . 
( 3 ) . . a ] . l m a j o r changes i n t h e d i r e c t i o n o f movement. 
( 4 ) . t h e t i m e spent r u n n i n g up f r o m , and down i n t o 
t h e t i d e edge and the t i m e spent r u n n i n g p a r a l l e l t o 
t he waves. Running was r eco rded as t i m e , n o t 
d i s t a n c e . 
( 5 ) . a l l p e r i o d s o f Pause, which were d e f i n e d as 
momentary s t ops d u r i n g prey s e a r c h i n g , 
( 6 ) . any i n t e r a c t i o n s wi . th c o n s p e c i f i c s . 
See Appendix 4 .3 f o r examples o f taped d a t a . 
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F o r a g i n g r a t e s were a f f e c t e d by the s t a t e o f 
t h e t i d e and the a'ca i n which t h e f o r a g i n g o c c u r r e d . 
The f i l m a n a l y z e d does n o t e q u a l l y r e p r e s e n t each a rea 
o f t h e beach , o r t i d e c o n d i t i o n s . The amount o f f i l m 
and t aped commentar ies a n a l y z e d f o r each a rea o f t he 
beach under d i f f e r e n t c o n d i t i o n s o f t h e t i d e i s shown 
i n Tab le ^ . l . Feed ing i n t h e waves meant t h a t b i r d s 
were f e e d i n g f u r t h e r ou t f r o m t h e t i d e edge, making 
b o t h f i l m i n g and a n a l y s i s o f t h e f i l m , more d i f f i c u l t . 
A.3 R e s u l t s 
4 . 3 a F o r a g i n g p a t t e r n s 
Feed ing a t t e m p t s by S a n d e r l i n g were f i l m e d 
a t Redcar Beach, and on two s e c t i o n s o f Coatham Sands. 
I n o r d e r t o a n a l y z e the d i s t r i b u t i o n o f f o r a g i n g 
t e c h n i q u e s and t o a l l o w f o r the b i a s in t . roduced by t h e 
g r e a t e r number o f a t t e m p t s f i l m e d a t Redcar Beach, t h e 
t h r e e areas were c o n s i d e r e d i n d e p e n d e n t l y ( T a b l e 4 . 2 ) . 
Comparisons between ebb and f l o o d t i d e f o r a g i n g show t h a t 
t he p r o p o r t i o n s o f s t i t c h to probe f e e d i n g was 
s i g n i f i c a n t l y g r e a t e r on t he ebb t i d e i n t he two areas 
i n w h i c h b o t h t e c h n i q u e s were used commonly (X = 1 7 . 1 , - ' : 
P < 0 . 0 0 1 f o r t r a n s e c t 5; X'^  - 3 1 . 6 , P< 0,001 f o r 
Redcar B e a c h ) . 
'MBLE 4 . 1 
F i l m 
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I P j a L j f c i m e , ( i n m i n u t e s ) , o f f i l m and taped 
commentar ies a.nalyzed f o r areas a l o n g t h e 
s o u t h - s i d e beaches . 
Ehb tide->^ 
Redcar Beach 9 .0? 
T r a n s e c t s 1-4 8.73 










Kbh t i d e 
Redcar Beach 8 0 . 4 
T r a n s e c t s 1-3 41 .34 
T r a n s e c t 4 49 .85 
T r a n s e c t 5 27.18 










* P e r i o d c o v e r i n g H i g h Water t o Low V/ater. 
P e r i o d c o v e r i n g Low Water t o High Water . 
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Of a l l s t i t c h a t t e m p t s a n a l y z e d , 69.8?/o were 
f i l m e d a t Redcar Beach, and ctMnparativdy few a l o n g 
Goatham Sands. On the o t h e r h a n d , o n l y 1.3% o f a l l 
w a t e r column f e e d i n g a t t e m p t s were f i l m e d a t Redcar 
Beach. These f i g u r e s a re r e p r e s e n t a t i v e o f the 
d i f f e r e n c e s i n f e e d i n g b e h a v i o u r to be seen on the 
d i f f e r e n t a r e a s . The d i f f e r e n c e s were a s s o c i a t e d w i t h 
d i f f e r e n t p r o p o r t i o n s o f prey be ing taken i n each 
a r e a ( F i g . 4 . 2 ) . Of t h e t h r e e f o r a g i n g methods, on ly 
p r o b i n g r e s u l t e d i n t he c a p t u r e o f b o t h prey t y p e s . 
Water -co lumn f e e d i n g y i e l d e d o n l y E a t h y p o r e i a , w h i l s t 
s t i t c h i n g ( w i t h one e x c e p t i o n ) , y i e l d e d o n l y N e r i n c . 
F i g u r e 4 . 2 shows t l i a t the mean r a t e a t wh ich 
B a t h y p o r e i a were t aken was l e s s a t t r a n s e c t 5 than a t 
t r a n s e c t s 1-4, a s u r p r i s i n g r e s u l t c o n s i d e r i n g t he 
h i g h e r d e n s i t i e s o f b o t h B a t h y p o r e i a and E u r y d i c e on 
t r a n s e c t 5 (see Chapter 2 ) . F i g u r e 4 .2 a l s o shows 
t h a t mean r a t e s of." p rey c a p t u r e d i f f e r e d between ebb 
and f l o o d t i d e s ( e . g . , f o r N e r i n e at t r a n s e c t 5 ) . 
However, sample s i z e was n o t l a r g e enough ftatjsaiijcaw - j ^ 
s t a t i s t i c a l s i g n i f i c a n c e vf-. i<yf[if>w.'^ »fifS,^  a t - the 5% 
l e v e l , Redcar Beach was c l e a r l y the most i m p o r t a n t 
f e e d i n g a r e a f o r Neri ne ( i n te rms of prey c a p t u r e r a t e ) 
and t h e l e a s t I m p o r t a n t f o r J3athyppreia . ( I t must be 
ment ioned t h a t Redcar Beach was, however, a v a i ] . a b l e 
f o r f e e d i n g f o r o n l y r e l a t i v e l y s h o r t p e r i o d s i n each 
t i d a l c y c l e , d u r i n g low w a t e r . ) 
Prey I ' taken 1^  I n -riuralDers p e r minu te , i n ;the 
t h r e e aread?:;' Recicar Beach- ( R B ) ,. Trans'c^ct 5 
( ^ ^ ) , and T ransec t s 1-4 (T^_i'^>. Open. , 
columnG f o r N c r i n e , s o l i d odlurans f o r 
J3ath.vporeia.: separa ted i n t o ehb . ( E ) . and 
f l o o d ( f ) t i d e . ' • •' ' • ' 






I] e r i n e ' • BathVporeia ; 
ebb f i o o d i ; iebb f l o o d 
1.0 3 ; i to . 3 3 , • 
0,8 o;5 '|;0.5 . 0.8 




Success r a t e s ( expres sed as t h e pe rcen tage 
o f a t t e m p t s t h a t y i e l d e d p r e y ) f o r t h e t h r e e f o r a g i n g 
methods a t the v a r i o u s beach l e v e l s are shown f o r the 
t h r e e s e c t i o n s o f t he beach i n Table 4 . 3 a - c . These 
d a t a show many d i f f e r e n c e s between a reas and between 
beach l e v e l s . For example, t he success r a t e f o r 
s t i t c h i n g i n t h e waves was ve ry l o w . T h i s f o r a g i n g 
t e c h n i q u e , w h i c h v/as used t o ob ta i r ] lieriiiP., was much 
more s u c c e s s f u l a t Redcar Beach than e l s e w h e r e . 
Success r a t e s f o r w a t e r - c o l u m n f e e d i n g were h i g h i n 
a l l t h r e e areas and g r e a t e s t a t t r a n s e c t 5; however, 
success f o r p r o b i n g was l o w a t t h a t t r a . n s e c t . These 
d i f f e r e n c e s a r i s e i n p a r t f r o m d i f f e r e n c e s i n t he 
p r o p o r t i o n s o f the d i f f e r e n t p rey taken a t t h e v a r i o u s 
s i t e s . 
S a n d e r l i n g f e e d i n g on B a t h y p o r e i a were most 
s u c c e s s f u l when f o r a g i n g by the wate r -co lumn method 
i n t h e waves. There were 46 B a t h y p o r e i a cap tu re s 
r e c o r d e d on f i l m : 30 o f these were f r o m t r a n s e c t s 1 t o 
4 , i n c l u d i n g 6 t aken by p r o b i n g and 24 by water-^column 
f e e d i n g . They were taken f r o m a l l zones o f the beach 
on b o t h ebb and f l o o d t i d e s . Success r a t e s a re 
summarized i n Tab l e 4 . 3 . 
TABLE 4.3 71 
Rates o f success (expressed as t h e percen tage o f t o t a l 
a t t e rnp t s t h a t y i e l d e d p r e y ) f o r t h r e e f o r a g i n g methods 
a t v a r i o u s beach ] .cn 'ols . 
a . Redcar Beach 
b . 
Wet sand i'idge Sha l low wate r Wav es 0v e r a l l 
Probe 33.3% 1 7 . 4% 20.3% 21.4% O 9 QO' 11. . J /o 
n~36 nn--23 n=79 n-28 n = l66 
S t i t c h 27.3% 22.0% 25.6% ^ 0% 22.9% 








n = 1 
40.0% 
n = 5 
18.2% 
n-11 
T r a n s e c t s ' - 4 
Wet sand J'ldge Shal lov/ wa te r Wav es Ov e r a l l 
Probe 20.0% 10.3% 25.0% 22.6% 20.6% 
n = 20 n-29 Ti = 56 n -31 n = 136 
S t i t c h 0% 50.0% 8.3% 0% 11.1% 




n = 2 
26.7% 
n = 15 
16.7% 
n = 42 
19.0% 
n = 58 
20.5% 
n = 11 7 
T ransec t 5 
Wet sand i'idge Sha l low water Wav es Ov e r a l l 
Probe 4.9% 66.7% 1 1 . 1% 11.4% 9.3:^ 
n=82 n= 3^ n-9 n-35 n = 129 
S t i t c h 9.4% 0% 60.0% 14.3% 12.5% 










n = 5 
31 .6 % 
n = 19 
4.3b Runn^ ing t i m e 
S a n d e r l i n g spent c o n s i d e r a b l e t i m e r u n n i n g 
a l o n g t h e shore and up and down the beach f o r a g i n g . 
B i r d s would r e g u l a r l y r u n i n t o and beyond the wave 
edge, o f t e n many met res p a s t i t and . i n t o t h e s h a l l o w 
w a t e r zone . Running r e p r e s e n t s a l a r g e p o r t i o n o f 
t h e S a n d e r l i n g ' s energy e x p e n d i t u r e w h i l e f e e d i n g . As 
t h e d u r a t i . o n o f t h e f i l m sequences was n o t s u f f i c i e n t 
t o measure t h e p r o p o r t i o n o f t i m e spent r u n n i n g , taped 
commentar ies were used . 
B r i e f b u r s t s o f paces formed p a r t o f t he 
b i r d s ' p rey c a p t u r e ( r a t h e r than s e a r c h i n g ) t e c h n i q u e 
and were n o t i n c l u d e d i n t h e r u n n i n g t ime measured. 
T a b l e 4.4 p r e s e n t s the pe rcen tages o f t ime spent i n 
r u n n i n g i n t he a reas c o n s i d e r e d . The t i m e commitment 
t o r u n n i n g was very J.arge, between 33.7'X and 48.37° o f 
a b i r d ' s f o r a g i n g t i m e . S i g n i f i c a n t d i f f e r e n c e s o c c u r r e d 
between t h e d i f f e r e n t areas i n t h e amount o f r u n n i n g 
p a r a l l e l t o the t i d e edge (see Table 4 .4) . 
The movement o f t h e t i d e edge l i m i t e d t he 
e f f e c t i v e n e s s o f t he p a r t i c u l a r f e e d i n g method used . 
T i d a l movement d i c t a t e d t he t i m e a v a i l a b l e f o r the b i r d s 
t o f e e d and he lped d e t e r m i n e whether they would probe 
o r s t i t c h f e e d . B i r d s spent d i f f e r e n t amounts o f t i m e 
i n r u n n i n g i n t o and away f r o m t h e t i d e i.n d i f f e r e n t 
a reas o f the beach and a t d i f f e r e n t t imes o f the t i d e 
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TABLE 4 .4 
Th e pro p o r t ion o f obs (--^ r v ec] t :i rn e spen t runn i n g . 
ThJ.s i s t he same t a b l e as t i i a t sf-mt w i t h the lact C h a p t e i - 4 , 
w i t h t h e a d d i t i o n o f t h e f o l l o w i n g t - d i s t r i b u t i o n s . 
P a r a l l e l r u n n i j i g . 
T v s ••[' 11 . s. 
Redcar Beach vs '1 t^: 4 , 5 0 , P 0 .001 
Redcar 13each vs 1 4 2 . 3 1 , P < 0 . 0 2 
Red ear Beach vs i ' - J J • V.J • 
J 4 t - 2 .09 , P < 0 . 0 5 
J i ~ J 
t - 4 . 38 , J - < 0 .001 
A l l o t h e r compar i sons a re n . s . 
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c y c l e ( T a b l e 4 - 5 ) . The running time a s s o c i a t e d wi th 
f eed ing i n an a r e a must have a f f e c t e d the p r o f i t a b i l i t y 
(net r a t e of a s s i m i l a t i o n of energy) of that p a r t i c u l a r 
a r e a . 
4 . 3 c . D e t a i l e d c o n s i d e r a t i o n of foraging techniques 
The mean t imes f o r s u c c e s s f u l and u n s u c c e s s f u l 
bouts of s t i t c h i n g and probing i n the three d i f f e r e n t 
f eed ing a r e a s a r e given i n Table 4 .6 . Por a l l s i x 
c a t e g o r i e s , the mean l e n g t h of time f o r s t i t c h i n g was 
s i g n i f i c a n t l y g r e a t e r than f o r probing ( P < 0 £ ) 0 1 ) . 
D i scount ing the only two succes ses recorded 
f o r s t i t c h i n g at t r a n s e c t s 1 to 4, there were no 
s i g n i f i c a n t d i f f e r e n c e s between areas i n the durat ion 
of s u c c e s s f u l s t i t c h i n g at tempts; nor were there between-
a r e a d i f f e r e n c e s i n the durat ion of f a i l e d s t i t c h i n g 
attempts'. However, f o r probing , the durat ion of f a i l e d 
attempts was s i g n i f i c a n t l y s h o r t e r a t t r a n s e c t s 1 to 4 
than at Redcar Beach and t r a n s e c t 5 (P<,0 .001) and the 
durat ion a t t r a n s e c t 5 was s h o r t e r than that at Redcar 
Beach ( P < 0 . 0 0 1 ) . S i m i l a r l y , s u c c e s s f u l probe attempts 
were of s h o r t e r durat ion at, t r a n s e c t s 1 to 4 than at 
Redcar Beach (P ^ 0 . 0 0 1 ) . 
No s i g n i f i c a n t d i f f e r e n c e s occurred between 
the durat ion of s u c c e s s f u l and f a i l e d attempts at . 
probing i n any of the three a r e a s . However, s u c c e s s f u l 
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TABLE 4.5 
The pe rcen tage o f t i m e spent r u n n i n g i n t o and away^ 
f r o m t h e t i d e i n two areas a t d i f f e r e n t t imes o f 
t h e t i d e . A l l d a t a f r o m taped commentar ies . . 
T h i s i s t he same t a b l e as t h a t sent w i t h t he l a s t Chapter 4, 
w i t h t h e a d d i t i o n o f t h e f o l l o w i n g t - d i s t r i b u t i o n s . 
T r a n s e c t s 1-3: 
LW+5-HW vs LV/-LW+3 t = 4.02 , . P < 0 .001 
L+5-HW V S - L + 3 - L + 4 t = 5 . 3 7 , P < 0 . 0 0 1 
L+5-HW vs L+4-L-I-5 t : - 3 . 3 3 , P < 0 . 0 1 
HW-H+3 vs LW-L+3 t = 2 . 1 3 , P < 0.005 
HW-H+3 vs 1+3-L+4 t = 3 . 4 6 , P < 0 . 0 1 
A l l o t h e r compar isons f o r T^_^ n . s . 
T r a n s e c t 5: . 
Li5-HW vs L-h3~LH-4 t = 2 . 8 2 , P < 0 . 0 5 
HW-H,+3 vs L+3-LH-4 t = 2 . 4 6 , P-^0.05 
All o t h e r compar isons f o r T^_^ n . s . 
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TABLEf , 4^ .6 
The m e a n t d u r a t i p n ' t i n s e c . ) , o f ; s t i t c h - a n d 
probe f eed ing attempts by S a n d e r l i n g . :-
S t i t c h attempts 
F a i l e d attempts 
Redcar Beach 
N • X i i 1 S 
175 1.1 i 0.06 
T r a n s e c t s 1-4 16 1 .:59 0 .22 
T r a n s e c t 5 70 1.25 0,09 
Probe attempts 
Redcar Beach 
F a i l e d attempts 
N • : X + 1 S 
128 0.61 0.04 
T r a n s e c t s 1-4 112 0 i 3 l 0 ,02 
T r a n s e c t 5 122 0.43 0.03 
S u c c e s s f u l attempts 
I 
±:/l. S 
52 : 1U7 d;.i6 
/0.86:,: :b,07 
l b ' • 1.53- 0.21 
S u c c e s s f u l attempts 












Wth^'M.y TABLE ' '4.Bl;;0pnt . : ,' . 
• ; . Summary 'of comparisons 
i ) S t i t c h vs'. Probe 
Success 
"t" , d . f . .. " P , .»•' 
Redcar'' Beach ; 5.7 88 ^ 0.001 
T r a n s e c t s 1-4 5.5 30' < 0.001 
, Transect^ 5 4.2 20 < 0.001 
., [' F a i l u r e 
' 'Redcar Bocich . 8.1 . '301 < o.oot 
Transec t^ , 1-4' , 5;.7'; |-. 126 • V. ; ^0 .001 
T r a n s e c t 'B; • • 8w7^  •190 C O . 001 
F a i l u r e v s , Succes s 
S t i t c h 
Redcar Beach . , ' 3.1 • 225 i .< 0.005 
t = 7.6 
T r a n s e c t 5, i s 
i i i ) Probe- f a i l u r e s compared and ' succes ses cojnpared T, 
F a i l u r e , • • •' ' .:' 1 S 
Redcar Beach i s l onger ' tUa" transec"is 1 r 4 ' ;' 
, d . f . '= ^ 238, P^: O .odi 
longer than t r a n s e c t s 1-4 • . 
t = 3 . 4 , d . f . =;232, , ^ i '^O.OOl - • 
Redcar Beach i s longer than t r k n s e c t 5 • 
t = 4 . 1 , d . f . =:.248, P'CO.001 
Success 
Redcar Beach i s longer than t r a n s e c t s 1-4 
: t = 4 . 3 , d . f . = 66. P <0.001 
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a t t e m p t s a t s t i t c h i n g were s i g n i f i c a n t l y l o n g e r 
( P < 0 . 0 0 1 ) t han f a i l u r e s a t Redcar Beach, and except 
f o r t h e two q u i c k s u c c e s s f u l s t i t c h e s a t t r a n s e c t s 
1 t o 4, t h e average d u r a t i o n o f s u c c e s s f u l a t t e m p t s 
were l o n g e r ( t h o u g h n o t s i g n i f i c a n t l y so) than f a i l u r e s 
f o r b o t h s t i t c h i n g and p r o b i n g i n each a r e a . 
The d u r a t i o n o f a s i n g l e u n s u c c e s s f u l a t t e m p t 
r e p r e s e n t s t h e p e r s i s t e n c e t i m e f o r t h a t p a r t i c u l a r 
f o r a g i n g a t t e m p t . D u r i n g a s u c c e s s f u l a t t e m p t , h a n d l i n g 
o f t h e prey began b e f o r e the b i l l was w i t h d r a w n f r o m t h e 
s u b s t r a t e . T h i s was one reason f o r s u c c e s s f u l a t t e m p t s 
t a k i n g l o n g e r than f a i l u r e s and e x p l a i n s why very l i t t l e 
• o f t h e p rey was seen . No a t tempt was made t o s epa ra t e 
h a n d l i n g f r o m t h e t a c t i l e s ea rch elements o f s t i t c h i n g 
and p r o b i n g . S e v e r a l a d d i t i o n a l f a c t o r s may a l s o 
e x p l a i n why f a i l e d a t t e m p t s were s h o r t e r than s u c c e s s f u l 
ones . A b i r d c o u l d , w h i l e f e e d i n g , v i s u a l l y o b t a i n a 
cue nea r where i t was f e e d i n g . T h i s migh t account f o r 
some o f t h e s w i t c h i n g which o c c u r r e d i n f o r a g i n g methods 
A l s o , b i r d s were c o n s t a n t l y b e i n g pushed up shore by 
t he waves, p a r t i c u l a r l y on t he f l o o d t i d e , o f t e n h a v i n g 
t o i n t e r r u p t a f e e d i n g a t t e m p t . A f i n a l f a c t o r was t he 
i n f l u e n c e o f o t h e r i n d i v i d u a l s , such as b i r d s f l y i n g 
o v e r h e a d , r u n n i n g p a s t a f e e d i n g i n d i v i d u a l o r coming 
c l o s e t o a f e e d i n g i n d i v i d u a l . I n such cases, f e e d i n g 
a t t e m p t s were o f t e n abandoned b e f o r e prey had been 
c a p t u r e d . 
The mean d u r a t i o n o f f a i l e d a t t e m p t s a t 
d i f f e r e n t l e v e l s o f t h e beach a re shown i n Tab le 4 .7 
f o r s t i t c h f o r a g i n g a t Redcar Beach and probe a t t e m p t s 
a t a l l t h r e e beach a r e a s . For s t i t c h i n g , f a i l e d 
a t t e m p t s l a s t e d l o n g e r i n s h a l l o w watei* than a t t h e 
t i d e edge, i-'or p r o b i n g , w i t h i n a s i n g l e beach a r e a , 
t h e o n l y s i g n i f i c a n t d i f f e r e n c e i n d u r a t i o n o f f a i l e d 
a t t e m p t s o c c u r r e d a t t r a n s e c t 5, where b i r d s probed f o r 
l o n g e r b e f o r e g i v i n g up i n t he waves than on wet sand. 
Comparisons between a?eas show t h a t f a i l e d probe 
a t t e m p t s were l o n g e s t a t Redcar Beach. Four o f s i x 
p o s s i b l e compar isons a t e q u i v a l e n t beach l e v e l s a re 
s i g n i f i c a n t l y d i f f e r e n t (Tabi.e 4 . 7 ) . A t a l l beach 
l e v e l s , f a i l e d s t i t c h a t t e m p t s were l o n g e r than f a i l e d 
p robe a t t e m p t s . 
A n a l y s i s o f t hose f i l m sequences i n wh ich 
s t i t c h i n g was t h e m a j o r method used (and t h e r e f o r e i n 
w h i c h w a t e r column f e e d i n g was uncommon) showed a 
s i g n i f i c a n t i n v e r s e r e l a t i o n s h i p ( P < 0 . 0 5 , r = - 0 . 5 3 8 1 , 
w i t h d . f . = 15) between t h e d u r a t i o n o f u n s u c c e s s f u l 
s t i t c h i n g a t t e m p t s and the r a t e o f cap tu re o f N e r i n e , 
t h e o n l y prey o b t a i n e d by t h i s f o r a g i n g t e c h n i q u e 
( P i g . 4 . 3 , d a t a f r o m a l l t h r e e beach a r e a s ) . . T h i s 
r e s u l t a cco rds w i t h t h e i d e a t h a t , w i t h a g r e a t e r c a p t u r e 
r a t e , an i n d i v i d u a l b i r d s h o u l d have a reduced p e r s i s t e n c e 
t i m e , as e x p e c t a t i o n o f success elsewhere i n c r e a s e s . 
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'., . «• Durat ion o f - f a i l e d s t i t c h and'probe attempts a t 
, • d i f f e r e h t p o s i t i o n s of^.the beach. A l l times in 
seconds.!, N . i s the number of attempts ana lyzed . 
a , & t i i c h - !ftedcari Beach': 
^ • • ' N - ' .1-: + 1 S . E . 
Wet- Sand 19 0,4^2 - . ,2 iQ4 . 0 ,93 : G„10 
Ed'ge 46. 0 ,24 - 2.6a 1 .p2\ . 0 .09 
Shal low 
Water 
72 0.30 - 4.6,2 1.32 0;09, 




T r a n s e c t s 1 to 4 
•Transeb;*b:„;-5 
l'. 
\ i ; Wet Sand'* 
(t ,y,;n. 1 • 
0.12 - 1.14 0.39 0.02 
;i. , . ' Waves i • : i,; 3:1 : 0,20 - : 1:.50 0.59 0.06 
+' r. s. E. 
Wet Sand 27 0.12 - 1.68 .';0.6r • • oloy': 
Edge 26 0.24 1 .36 0,57 voio6 
Shal low 
Water 
56 0.12 - 1.64 0,59 0'.05 
Waves 13 0,16 - 1,38 • 0.91 0.19 
Wet Sand 17 j 0.08 - 1,.74 0.47 ' 0.10 
Edge 23. 0.12 - 0.84 0.35 0.04 
Shal low 
Water 
33 0.08 - 1.32 0.30 0.04 
Waves' 23 0.24 - 0.84 0.39 0.04 
TABLE 4.7 corit. 
81 
Summary 
a. Stitch'. •» • 
i)'S,hallow'-water vs.. Edge ' t > 2.5 
r '^'J] i ' ' •;,p<0.02 • 
b. Probe ' • • 
Redcar Beach, n.s. ' ' 
Transects 1-4 11..s. ' ,. , v 
. Transect 5 ^ • ' 
i ) Wet dand vs. Waves ,t'3.0;;'., . f ' , 
,.; : • • p<Q.,ot;\ . 
c. Comparisons of areas (Probe) 
i ) Wet Sand \ . • • ,. . •• ^ : ' j • ; ^  
Redcar Beach vs. Tr'dn'sect 5 t 2.8 , ;'' 
i i ) Edge ; 
Redcar Beach vs. Transects 1-4, t = 3.1 
• ^ ' P < 0.01 
l i i ) Shallo,w water 
Redcar,Beach vs. Transects 1-4 t = 4.6 
P < 0.001 
i v j iWaves ^ 
Redcar Beach vs. Transects 1-4 t = 2;7 
H';.>, - . P < 0.01 
f i •ll'l • ' 
Figure 4.3 
The r e l a t i o n s h i p between the duration of unsuccess-
f u l s t i t c h attempts and the r a t e of capture of 
Serine by Sander l i n g . 
Ordinate- The duration of s t i t c h attempts i n 
seconds. 
Abscissa- The number of Nerine capture per 
minute. 
Slope- -0.0298. 
r - -0.5381. 
P- 0.05, 
T5 degrees of freedom. 
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In F i g . 4.4, t y p i c a l feeding maps (from f i l m 
sequences 8 and 42, Reccar Beach) are presented. In 
sequences 8 there was a r a t e of capture of 21,4 
Nerine/minute and a persistence time of 0.93 seconds 
(S.D. =• 0.188). In sequence 42, with a much lower 
success r a t e of 3.1 Nerine/minute, the persistence time 
was 1.8 seconds (S.D. = 1.64). 
There was no r e l a t i o n s h i p between persistence 
time and the r a t e of prey capture by probe feeding, 
during which both prey types might be taken. 
To f u r t h e r compare the three foraging methods, 
the raumber of paces and als'b the d i r e c t i o n of the paces 
p r i o r t o the a c t u a l feeding attempt were analyzed. The 
components of movement analyzed were: paces running 
i n t o or towards the waves (340° to 20°), paces running 
away from the waves (160° to 200°), paces running 
p a r a l l e l to the waves (250° to 290° and 70° to 110°), 
and paces running i n a diagonal d i r e c t i o n . The mean 
number of paces taken before s t i t c h i n g and probing 
attempts at the d i f f e r e n t beach p o s i t i o n s are: presented 
i n Tables 4.8 and 4.9 r e s p e c t i v e l y . The mean number 
of paces taken p r i o r to a s t i t c h attempt d i d not d i f f e r 
s i g n i f i c a n t l y between the two areas tested. There were 
also no s i g n i f i c a n t d i f f e r e n c e s between areas i n the 
mean number of paces before probing or w i t h i n areas 
between probing and s t i t c h i n g . Differences d i d occur 
amongst the various beach p o s i t i o n s , however, but there 
Figure 4.4. 
Sanderling feeding maps f o r cine sequences 
8 (a) and 42 ( b ) . See Appendix 4.4 f o r 
d e t a i l s of i n d i v i d u a l sequences. 
Symbols: 
~ s t a r t i n g point 
- prey capture 
% - probe attempt 
)( - s t i t c h attempt 
Bathyporeia capture 
Ker.i.ne capture 
a) . , - , 
A l l prey captures.:Nerine except one 
Bathyporeia capture ( l a b e l l e d ) . 
Attempts 1-6 i n wet sand. 
Attempts 7-17 i n shallow water. 
b) 
Attempts 1-4 i n wet sand. 
Attempts 5-8 i n shallow water. 
Attempt 9 i n wave edge. 
Attempts 10-15 i n shallow v/ater. 
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was no t r e n d t o suggest an e f f e c t of a p a r t i c u l a r p o s i t i o n . 
Before a s t i t c h attempt, very few paces were taken and 
t h e r e f o r e very l i t t l e time was spent running i n t o the 
waves. The l a r g e number of p a r a l l e l and diagonal paces 
allowed the b i r d s to maintain t h e i r p o s i t i o n w i t h 
respect to the waves or t i d e edge, while keeping w i t h i n 
a p a r t i c u l a r i n t e r t i d a l zone, and therefore w i t h i n a 
p a r t i c u l a r prey zone. 
The search paths f o r s t i t c h feeding showed no 
concentration of searching e f f o r t s . Of those sequences 
where s t i t c h feeding was a main foraging method, only 
three showed concentration i n searching e f f o r t s (18 and 
57 are presented i n Pig. 4.5). Rate of prey capture 
i n sequence 57 was 4.3 Nerine/minute and f o r sequence 
18, success r a t e was 8.6 Merine/minute. The " t y p i c a l " 
search path f o r s t i t c h i n g has already been shown i n 
Fig . 4.4b.. For probe feeding, the pattern of forward 
progression while feeding aod the lack of r e s t r i c t e d 
search were s i m i l a r to those of s t i t c h feeding.-
The v i s u a l o r i e n t a t i o n of each b i r d before i t 
put i t s b i l l i n t o the substrate was also taken from the 
f i l m . Figure 4.6 shows the v i s u a l o r i e n t a t i o n f o r a l l 
feeding methods combined i n the three areas. A bimodal 
d i s t r i b u t i o n of v i s u a l o r i e n t a t i o n , correspoiiding t o 
the two o r i e n t a t i o n s p i ^ K i l e l to the waves, was most 
pronounced at Redcar Beach but almost absent at transect 
5. These d i f f e r e n c e s could have been due to a basic 
Figure 4 •5. 
Sanderling feeding maps f o r cine sequences 
18 (a) and 57 ( b ) . See Appendix 4.4 f o r 
d e t a i l s of i n d i v i d u a l sequences. 
Symbols: 
s t a r t i n g point . 
- prey capture 
© - probe attempt 
X - s t i t c h attempt 
a) 
A l l prey captures Nerine. 
Attempts 1-6 i n waves. 
Attempts 7-12 i n shallow water. 
,Attempts.-13-15 i n wave edge. 
Attempts 16-17 i n shallow water. 
b) 
A l l captures Nerine. 
Attempts., 1-5 i n wet sand. 
Attempt 6 i n waves. 
Attempts 7-16 i n wet sand. 
Attempt '17 i n wave edge. 
Attempts 18-33 i n wet sand. 





Figure 4.6. . 
Visual o r i e n t a t i o n of f o r a g i n g Sander-
l i n g i n the three areas of the south-
side beaches. 
a. Transect 5. 
b. Transects 1-4. 
c. Redcar Beach. 
A l l f o r a g i n g attempts are included. 
Abscissa- the v i s u a l o r i e n t a t i o n of 
f o r a g i n g b i r d s before feeding attempt. 
See t e x t f o r d i r e c t i o n a l explanation. 
Ordinate- the number of times each 
o r i e n t a t i o n occurred. 
N- the t o t a l number of attempts analyzed 
i n each area. 




50-1 N = 2 80 (b) 
lOOi N = -i05 (c) 
10H 
o 2o 8o 160 280 3UO 
87 
physical d i f f e r e n c e i n the areas (e.g., i n slope of the 
beach) or to d i f f e r e n c e s i n the proportion of the 
d i f f e r e n t f o r a g i n g methods used i n the areas. I n 
Fi g , 4.7 the v i s u a l - o r i e n t a t i o n s are shown f o r the 
three f o r a g i n g methods separately. Of a l l attempts, 
51.2?^ of the probes, 62.5% o f the s t i t c h attempts and 
41.1!^ of the water column feeding methods were preceded 
by an o r i e n t a t i o n p a r a l l e l t o the waves (60° to 120° 
or 240° t o 300°). 
Watei? column feeding was v i s u a l , b r i e f , and 
d i d not at any time i n v o l v e the loss of sight since only 
the b i l l penetrated the water. The o r i e n t a t i o n of a 
b i r d before a water feeding attempt may not have been 
important to i t s subsequent success. At Redcar Beach, 
p a r a l l e l o r i e n t a t i o n before s t i t c h feeding was not as 
evident on the wet sand as i t was f o r p o s i t i o n s closer 
to the wave edge ( F i g . 4.8). C l e a r l y , both feeding 
method and beach p o s i t i o n were important i n determining 
the o r i e n t a t i o n of a b i r d before i t attempted t o capture 
prey. 
The search path from f i l m sequence 49 i s shown 
did^vided i n t o two sections, to demonstrate the e f f e c t s 
of the waves on the b i r d s ' feeding behaviour and success 
(Fig.4.9). The sequence began w i t h very long s t i t c h 
feeding bouts, w i t h l i t t l e movement between each bout 
and a high success r a t e , the b i r d maintaining i t s e l f i n 
the same beach zone ( p a r a l l e l r e g i o n ) . At frame 321 the 
F i g u r e 4 . 7 . 
V i s u a l o r i e n t a t i o n o f S a n d e r l i n g b e f o r e 
each o f t h e t h r e e f o r a g i n g methods . 
a. P robe . 
b . S t i t c h . 
c. V/ater Column. 
A b s c i s s a - t he v i s u a l o r i e n t a t i o n o f 
f o r a g i n g b i r d s b e f o r e f e e d i n g a t t e m p t s . 
O r d i n a t e - t h e number o f t i m e s each 
o r i e n t a t i o n o c c u r r e d . 
N - t h e t o t a l number o f each method 
a n a l y z e d . 
50-1 N =AA3 ( a ) 
10-
80- N= 325 
lOH 
3 0 - N = 151 (c ) 
— T " ^ 
60 160 2 80 
F i g u r e 4 . 8 . 
V i s u a l o i - i e n t a t i o n o f •SanderliTig a t 
Redccir }3each f o r s t i t c h f e e d i n g a t 
d i f f e r e n t l e v e l s o f t h e beach. 
a., wet sand. 
h . s h a l l o w w a t e r , 
c. edge. 
d . waves. 
A b s c i s s a - t h e v i s u a l o r i e n t a t i o n o f 
f o r a g i n g b i r d s b e f o r e f e e d i n g a t t empt s . -
O r d i f f i , t e - t h e number o f t i m e s each 
o r i e n t a t i o n o c c u r r e d . 
N - t he t o t a l number o f o r i e n t a t i o n s 
a n a l y z e d a t each l e v e l . 
15- N= 92 
j z i r 
( a ) 
2 0 




10- N = 35 (d) 
—r" 
80 160 280 
i ' i g u r e 4 . 9 • ^ -, ' 
Cine sequence 49 d i v i d e d i n t o two segments, 
\ t h e f i r s t ( a ) : o f f rames 1 t o 320 , and t h e 
second ( b ) o f , f r ames 321, t o 635 . Feed ing 
,^  : bou t r e f e r s o n l y to t h e , t i m e the b i l l i s i n 
, • t h e s u b s t r a t e . ; .The l e n g t h o f t h e f e e d i n g 
bou t i s . I n d i c a t e d ( i n number o f f r a m e s - . 
each f r ame r e p r e s e n t s 1/16 o f a second),-, 
a l o n g w i t h t h e symbol f o r the f o r a g i n g • 
method . ' 
Symbols : ' '. 
# - probe at tem'pt • 
X~ s t i t c h a t t e m p t 
no^ - success 
h - h a n d l i n g t i m e ' ( i n number o f f r a m e s ) -
r - number o f f rames betwe;,en a t t e m p t s ; 
a ) t o t a l o f 20 seconds, 6 f e e d i n g bou t s 
average b o u t - 4 9 . 7 f rames ( 3 . 1 s e c . ) 
success r a t e - 83.3% 
b i l l i n s u b s t r a t e - 93»V/o o f t he t ime 
b) t o t a l o f 1 9 . 8 seconds, 11 f e e d i n g bou t s 
average b o u t - 1 4 . 2 f rames ( 0 . 9 s e c . ) 
, success r a t e - 27.3% 
". b i l l i n s u b s t r a t e - 49.5;?^ o f the t i m e 
suooossos a re I |er iTie 
• gives t h e l i m i t s of v i s u a l o r i e n t a t i o n 
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b i r d was pushed up by t h e t i d e . The b i r d kep t ahead o f 
t h e wave a n d , when f a r enough f r o m t h e wave, t u r n e d 
p a r a l l e l t o t h e wave, f e e d i n g by the s t i t c h method. 
There was then a sudden decrease o f f e e d i n g bout l e n g t h 
and a d r a m a t i c d rop i n t he b i r d ' s success , most o f 
w h i c h was a t t r i b u t e d t o t h e i n t e r r u p t i o n caused by t h e 
l o c a t i o n o f t h e waves. 
The w a t e r - c o l u m n f e e d i n g method i n v o l v e d a 
very c h a r a c t e r i s t i c s t a n c e , o f t h e b i r d , wh ich was e a s i l y 
r e c o g n i z a b l e , whfen f e e d i n g on c rus taceans i n t h e w a t e r , 
a b i r d would ex tend i t s neck so t h a t i t s head was a t 
maximum d i s t a n c e fuom t h e w a t e r . Such b i r d s f e d 
w i t h g r e a t i n t e n s i t y and w i t h r a p i d p a c i n g r a t e s and 
r a p i d changes i n v i s u a l o r i e n t a t i o n . T h i s f e e d i n g 
s tance a l l o w e d t h e b i r d t o scan a c o n s i d e r a b l e a rea and 
may have a l s o a l l o w e d i t t o c o u n t e r a c t p a r a l l a x ' e f f e c t s i " 
D u r i n g f e e d i n g by t h i s method, t he c a r p a l s ( o f some 
i n d i v i d u a l s ) and a reas about t h e b i r d s ' ear o f t e n 
f l a s h e d b l a c k . The b l a c k was n o t i c e a b l e t o a human 
o b s e r v e r and c o n t r a s t e d s h a r p l y w i t h t he r e s t o f t h e 
plumage. These c o n t r a s t i n g b l a c k r e g i o n s migh t have 
s e r v e d as some cue t o c o n s p e c i f i c s as t o f o r a g i n g success 
The number o f paces p r e c e d i n g an a t t e m p t a t 
p rey c a p t u r e by w a t e r - c o l u m n f e e d i n g was s i g n i f i c a n t l y 
g r e a t e r . t h a n f o r t h e o t h e r two methods (Tab l e 4 . 1 0 ) . 
Search pa ths f o r w a t e r - c o l u m n f e e d i n g ace shown i n F i g . 
4 . 1 0 . 
.89 
r .It,' 
• ': . .i .;. K! 
. ' t a b l e '4.'101 
7: i i 
••The mean number o f paces b e f o r e wa te r - co lumn 
, 5. . . . f ; 
'i d e e d i n g , a t t e m p t s a t t r a n s e c t s 1 t o 4 and 
: l i r a n s e c t 5.' ' f a t a averaged f o r a l l beach 
. l eve l s^ . ; , • 
: Trap sects. 1 toi; 4' . , 
dumber o f O b s e r v a t i o n s ; 
'^ : X , " ' .• ' , . • ' 
T r a n s e c t 5 : ', 
Number : o f Observ .a t ions 
+ • 1 S.J:;. 
113 
1 4 . 7 
r2.2 
;17:.6 . i 
3.8 
Comparisons w i t h the number^ o f paces b e f o r e . s t i t c h i n g 
and p r o b i n g a t t e m p t s f o r s i m i l a r a r ea s . Mean values ' 
f o r a l l l e v e l s used f o r each method. (See Tab l e s ' 
4.8 and 4 .9 . ) ' 
Water-Column v s . S t i t c h i n g 
T r a n s e c t 5 d . f . = :244 ' . ' . . J 
t =.,:, 3.1 • ^ ; 
, P < 0.005 ' , /. ' 
V/ater-Column v s . Prob in jg • ; , 
d . f . = 240 . 
T r a n s e c t s 1-4 t = 2.3 
P < 0.025 
T r a n s e c t 5 . d . f . - 140 
t = 2.9 
, P < 0.005 
F i g u r e 4 . 1 0 . 
S a n d e r l i n g f e e d i n g maps f o r c i n e sequences 
10 ( a ) , 20 ( b ) , 30 ( c ) and 52 ( d ) . See 
Append ix 4.4 f o r d e t a i l s l o f i n d i v i d u a l 
sequences. 
Symbols : 
^ - s t a r t i n g p o i n t 
- p r e y cap tu re 
# - p robe a t t e m p t 
/ - wa t e r column a t t e m p t 
N - N e r i n e 
A l l unmarked cap tu re s a re B a t h y p o r e i a . 
a ) 
b ) 
A t t e m p t s 1-21 
A t t e m p t 22 
A t t e m p t s 1-2 
A t t e m p t s 3-15 
A t t e m p t 16 
i n waves. 
i n wave edge. 
i n s h a l l o w v/a te r . 
i n waves. 
i n wave edge. 
Attem.pts 17-18 i n s h a l l o w w a t e r . 
c) 
A t t e m p t s 1-4 
A t t e m p t s 5-8 
A t t e m p t s 9-17 
i n waves. 
i n wave edge. 
i n v/aves. 
A t t e m p t s 18-20 i n i s h a l l o w w a t e r . 
d) 
A t t e m p t s 1-3 
A t t e m p t s 4-8 
i n s h a l l o w v/ater 
i n waves. 
( a 
( b ) 
( c ) 
(d ) 
90 
4 . 3 d . Pause p o s i t i on 
The Pause p o s i t i o n r e f e r s t o t h e b r i e f and 
downward s e a r c h i n g movement made by a b i r d when i t came 
t o a momentary s t o p . T h i s b e h a v i o u r was i n t e r p r e t e d 
as a v i s u a l component o f f o r a g i n g . A main d i f f e r e n c e 
between p r o b i n g and s t i t c h i n g was the l a c k o f t he Pause 
p o s i t i o n b e f o r e a s t i t c h a t t e m p t . Tab le 4 .11 shows 
t h e d i s t r i b u t i o n o f b e h a v i o u r s t h a t f o l l o w e d t h e Pause 
p o s i t i o n ( d a t a f r o m t a p e d commen ta r i e s ) . I f a Pause 
was f o l l o w e d by a b r i e f r u n and then a n o t h e r Pause, 
t h i s - w a s t r e a t e d as two sepa ra t e Pause p o s i t i o n s . Of 
t h e Bauses r e c o r d e d , 45.2% were n o t f o l l o w e d by a f e e d i n g 
a t t e m p t , presumably because an a p p r o p r i a t e s t i m u l u s d i d 
n o t o c c u r d u r i n g t h e Pause. The s c a r c i t y o f t h e Pause 
p o s i t i o n b e f o r e s t i t c h f e e d i n g ( o . 7 ^ ) suggested t h a t 
t h i s method d i d n o t r e l y on a v i s u a l cue ( a p a r t f r o m 
t h e c h o o s i n g o f a g e n e r a l a rea o r f e a t u r e such as the 
r i p p l e s ) . 
4 . 3 e . S w i t c h i n g i n f o r a g i n g method 
Tab le 4 .12 p r e s e n t s a summary o f i n f o r m a t i o n on 
s w i t c h i n g i n f o r a g i n g methods a f t e r b o t h successes and 
f a i l u r e s . Only 2 . 1 % o f f a i l e d s t i t c h a t t e m p t s b u t 5.2% 
o f f a i l e d probe a t t e m p t s were f o l l o w e d by wa te r column 
a t t e m p t s . ( V / h i l e t he se p r o p o r t i o n s m i g h t v a r y , 
EH 
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't.-i. 
T A B L E 4 .12 
Ij i^OzJ^y_crQss-tabulation; fending method, iused 
f o l l o w i n g success fu l and unsuccessful^ iattpmpt^ 
U n s u c c e s s f u l a t t e m p t s : 
F o r a g i n g method 
a f t e r ' f a i l u r e U n s u c c e s s f u l a t t e m p t 
Probe 
' s t i t ch , 
Vifater-Oolumn 
T o t a l ! 
:Su c'cessf u l ' : te:em-bts,' N e r i n e : 
F o r a g i n g :;mothod^ 
a f t e r succ.e'ss 
Probe 
S t i t c h ' 
T o t c t l ; 
Probe S t i t c h V/ater-Column 
247 76 12' r-' 
80 162 5 
18 5 • 92 
345 243 , • 109 
S u c c e s s f u l a t t e m p t 
Probe ' . S t i t c h 
44 • 14 
16 ; 43 ! 
60 • 57 1 
S u c c e s s f u l ; a t t e m D t s / B a U i y p o ^ o i a : 
Successful! ' a t t e m p t 
F o r a g i n g ; m e t h o d 
a f t e r success 
,Probe • V/ater- Column 
Probe 10, , 6 
Water-Column , 0 22 
T o t a l s 10.. 28 . 
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depending on t h e p r o p o r t i o n o f B a t h y p o r e i a t o N e r i n e 
p r e s e n t , t h e d i f f e r e n c e i s m a i n l y a f u n c t i o n o f v i s u a l 
v s . t a c t i l e f e e d i n g . ' ) BotVi wa te r -co lumn and probe 
a t t e m p t s have v i s u a l components; hence t h e s w i t c h f r o m 
one t o t h e o t h e r does n o t r e q u i r e a change i n t he 
sensory system i n v o l v e d . For f e e d i n g on N e r i n e by 
b o t h s t i t c h i n g and p r o b i n g , t h e chosen method was 
f o l l o w e d by a s i m i l a r f o r a g i n g method more o f t e n when 
t h e f i r s t a t t e m p t was s u c c e s s f u l than when u n s u c c e s s f u l 
(75.4% v s . 66.6% f o r s t i t c h i n g and 73.3% v s . 71.5% 
f o r p r o b i n g ) , a l t h o u g h n e i t h e r d i f f e r e n c e was s l g n i f i c a t l t 
a t t h e 5% l e v e l . 
S w i t c h i n g between p r o b i n g and s t i t c h i n g wh ich 
i n v o l v e d a change f r o m a t l e a s t p a r t l y v i s u a l t o c h i e f l y 
t a c t i l e f e e d i n g , was n o t e d when b i r d s were f o r c e d up 
t h e beach by a s e r i e s o f waves. One example o f s w i t c h i n g 
i s seen i n f i l m sequence 22 ( P i g . 4.11). T h i s b i r d 
began by f e e d i n g on t h e wet sand and was c o n t i n u a l l y 
pushed up t h e beach by t h e waves. The r e p e a t e d p a t t e r n 
o f movement upshore f o l l o w e d by t u r n i n g p a r a l l e l t o the 
t i d e edge i s c l e a r l y seen i n t h i s sequence. I t sugges ts 
t h a t b i r d s would have f e d more i n t h i s l o c a t i o n by 
s t i t c h i n g i f s u f f i c i e n t t i m e had been a v a i l a b l e b e f o r e 
t h e t i d e covered t h e a r e a . 
Figure 4.1-t \ 
Sander l ing feed ing map f o r cine sequence 
2 2 . See Appendix 4 . 4 f o r d e t a i l s o f 
i n d i v i d u a l sequences. 
Symbols: 
g - s t a r t i n g po in t 
®s» - prey capture 
@ - probe attempt 
X - s t i t c h attempt 
N - Merine capture 
Arrow i n d i c a t e s d i r e c t i o n o f waves. 
Attempts 1-5 i n wet sand. 
Attempts 6-8 i n wave edge. 
Attempts 9-14 i n wet sand. 





4 . 3 f . Soc ia l f e ed ing 
No d e t a i l e d ana lys i s was c a r r i e d out on the 
pa t t e rns and e f f e c t s o f s o c i a l feed ing i n Sander l ing , 
s ince such i n f o r m a t i o n was not c o l l e c t e d s y s t e m a t i c a l l y . 
However, the f o l l o w i n g observat ions are i n s t r u c t i v e . 
F igure 4.12 shows the search path o f f o u r 
i n d i v i d u a l s f eed ing together at Redcar Beach. A l l b i r d s 
were feed ing by the s t i t c h or probe method, feed ing 
together as a group, and moving p a r a l l e l to the t i d e 
edge. This : f i lm sequence suggests t ha t as b i r d s may 
feed very close toge ther the oppor tun i ty f o r assessing 
each o t h e r ' s f o r a g i n g succes i s present . I t also 
suggests, from the l o c a t i o n of successes, t h a t the b i r d s 
may take advantage o f clumped prey . 
I looked a t 14 f i l m sequences i n which b i r d s 
were f eed ing i n groups o f two or more ( t o t a l l i n g 166 
feed ing a t t e m p t s ) . (These sequences were taken from 
areas w i t h d i f f e r e n t p ropor t i ons o f Nerine and 
Ba thypore ia . ) I noted the type o f feeding a t tempt , 
the number o f paces taken a f t e r the a t tempt , the success 
or f a i l u r e o f the at tempt and, where poss ib le , the 
reasons f o r any movement away from a feed ing s i t e . 
Table 4.13 summarizes the 166 feed ing a t tempts . I n 
23 cases, the b i r d e i t h e r turned away from another . 
i n d i v i d u a l , j o i n e d another i n d i v i d u a l , or searched the 
area i n which another i n d i v i d u a l had f e d . Three changes 
Figure 4 .12 . 
The search maps of f o u r i n d i v i d u a l s 
f eed ing toge ther . Although these maps 
have been ext rac ted from the same piece 
of f i l m , each has been t r e a t e d as a 
separate sequence: (a) sequence 50, 
(b) sequence 51 , ( c ) sequence 52 and 
(d) sequence 55. See Appendix 4 . 4 
f o r d e t a i l s on i n d i v i d u a l sequences. 
A l l f o u r i n d i v i d u a l s had the same 
s t a r t i n g p o i n t , moving from the r i g h t 
to the l e f t . 
Symbols:, -• 
® - probe attempt „ 
X ~ s t i t c h attempt 
^ » - prey capture. 
A l l prey captures Ner ine . 
(a) /attempts 1-8 i n wave edge. 
Attempts 9-13 i n shallow water . 
Attempt 14 i n wave edge.' 
Attempts 15-21 i n shallov/ water . 
(b) Attempts 1-11 i n wave edge. 
Attempts 12-32 i n shallow water . 
( c ) Attempt 1 i n wave edge. 
Attempts 1-12 i n shallow water . 
Attempts 13-16 i n wave edge. 
(d) Attempts 1-4 i n wave edge.. 
Attempts 5-21 i n shallow water . 
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i n f eed ing s i t e r e s u l t e d from n o t i c i n g a v i s u a l cue. 
B i rds r a r e l y inspected others whi le feed ing by the 
water column method (only 3 o f 53 cases). When ; 
f o r a g i n g by t h i s method the b i r d s acted independently 
w i t h l o n g searching per iods and very h igh pacing ra tes 
between a t tempts . S i m i l a r l y , b i r d s r a r e l y i n v e s t i g a t e d 
other Sander l ing s t i t c h f eed ing (2 o f 40 i n s t ances ) . 
However, du r ing p rob ing , b i r d s inspected other b i r d s on 
11 of 73 a t tempts , a l l o f them a f t e r the i n s p e c t i n g 
b i r d had f a i l e d to capture prey . A f t e r many of the 
f eed ing a t tempts , a b i r d e i t h e r fed again d i r e c t l y and 
thus d i d not appear to be a f f e c t e d by the presence o f 
others (72 cases), or some no t i ceab le change i n feed ing 
s i t e occurred (82 cases), or i t could not be es tab l i shed 
why the b i r d moved (12 cases) . On 24 occasions the b i r d 
moved f rom a feed ing area to run i n t o or away from the 
t i d e edge. Loca t ion changes ( e . g . , going from t i d e edge 
to shal low water e t c . ) accounted f o r 13 zone changes; 
and i n t e n s i v e prey searching (severa l paces w i t h v i s u a l 
o r i e n t a t i o n d i r e c t e d towards the subst ra te) accounted 
f o r 19 area changes. For a l l three f o r a g i n g methods, 
the number o f paces moved a f t e r f a i l e d attempts was, 
on average, grea te r than a f t e r successful a t tempts . 
(Because o f small sample s izes and l a r g e S.E., thses 
r e s u l t s can not be t e s t ed f o r s t a t i s t i c a l s i g n i f i c a n c e . ) 
Bi rds d i d not f o l l o w one another only i n order 
to i n v e s t i g a t e a f eed ing s i t e . For example, b i r d s 
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passing overhead or runn ing past could b r i n g others 
out of a feeding p o s i t i o n . 
This b r i e f ana lys i s shows the p o t e n t i a l f o r , 
and the occurrence o f , s o c i a l i n t e r a c t i o n s v/hile 
f o r a g i n g . More d e t a i l e d s tudies v/ould be rewarciinG. ... 
4.4 i J i s c u s s i on 
I n T inbergcn ' s d e t a i l e d study o f S t a r l i n g 
f o r a g i n g (198(}), he considers three main quest ions: 
1) what are the c o n s t r a i n t s on a fo rag ing b i r d ; 
2) what are i t s f o r a g i n g goa ls , and; 3) what i s the 
t ime scale ov - r which the g o a l - d i r e c t e d behaviours 
are maximized. I n the design o f experimental or f i e l d 
research on f o r a g i n g behaviour, these questions 
determine the approach and scope of the researcher. 
For my study of f o r a g i n g Sander l ing , the f i r s t of 
these quest ions was the c e n t r a l one. Before one can 
attempt to answer the remaining quest ions , one must 
have considf^rable understanding of the con t r t ra in t s . 
In order to d e t a i l the cons t r a in t s on the 
f o r a g i n g i n d i v i d u a l i n i t s n a t u r a l environment, the 
animal must be observed there and not .solely i n a 
l a b o r a t o r y , or i n o. high 1 y mod i f i . ed. s 11uati.on. or 
example, Tinbergen 's f i n d i n g , that the prey chosen 
by parent S t a r l i n g s i s a f f e c t e d by the nes t ing demand, 
which i n t u rn i s a f f e c t e d by the hunger s t a te and 
number of the young, argues f o r measuring the cons t r a in t s 
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i n a n a t u r a l environment. Maximization o f the r a t e of 
c a l o r i c i n t ake a lone, which might have been pred ic ted 
as the f o r a g i n g goal on the basis o f l abo ra to ry s tudies , 
d i d not exp la in prey choice by the adu l t s when feeding 
young i n the f i e l d . 
I t i s necessary to decide when observat ions 
are to be made. Does the observer c o l l e c t data only 
when the weather creates a greater demand on feeding 
e f f i c i e n c i e s ( r a t e of energy in t ake ) and time 
a l l o c a t i o n or does he t r y and record the f o r a g i n g 
o f the animal under a wide v a r i e t y of condi t ions? 
The o b j e c t then i s to determine how an i n d i v i d u a l 
achieves a given s t r a t e g y , or set o f s t r a t e g i e s . 
Cody's comment ( 1974) t h a t , "popula t ions spend 
more t ime t r a c k i n g moving f i t n e s s optima ( t h a t i s , 
c l imb ing the sides of s h i f t i n g adaptive peaks on Sewall 
W r i g h t ' s adapt ive landscape) than they do s i t t i n g 
the summit opt ima" , p o i n t s out t h a t we r e a l l y need not 
f i n d a s i n g l e s o l u t i o n f o r a given s i t u a t i o n , but 
r a t h e r , need to measure the animal ' s attempt to make 
co r rec t dec i s ions regard ing i t s f o r ag ing environment. 
The degree to which t h i s correctness i s poss ible has 
been o f c e n t r a l importance to the idea of s t a b i l i t y 
and p r e d i c t a b i l i t y i n d i f f e r e n t environments. 
The Sander l ing at Teesraouth are feeding in 
a "coarse-grained" environment (Levins 1968), g i v i n g 
them an oppo r tun i t y to choose which prey to take and 
also a t which t ime of the t i d e t o concentrate on the 
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d i f f e r e n t prey species i n the d i f f e r e n t areas. The 
occurrence of a l t e r n a t i v e f o r a g i n g methods, a v a r i e t y 
o f me te reo log ica l v a r i a b l e s , and numerous phys ica l 
c o n s t r a i n t s ( e . g . , the waves), makes p r e d i c t i o n o f 
t h e i r f o r a g i n g behaviour complex. An impor tant question 
could be, "How should a Sanderl ing forage i n order 
to minimize the time from one prey capture to the 
next ?" ( I n t h i s c o n s i d e r a t i o n , a t t e n t i o n to s ize 
s e l e c t i o n o f prey should a lso be i m p o r t a n t . ) This 
r equ i r e s t h a t the Sander l ing make the co r rec t choices 
as to where, when and how to feed . 
Sander l ing i n mid-win te r feed f o r a ' large 
p a r t o f each t i d a l c y c l e . Roostirig by Sander l ing a t 
Teesmouth was i n response to h igh water and outs ide 
of t h i s t ime the b i r d s choose mainly to f eed . The 
b i r d s have a w e l l de f ined pa t t e rn o f feed ing l o c a t i o n s 
and t imes o f f eed ing (Chapter 3) suggesting t ha t they 
are "pushed" to feed w i t h great e f f i c i e n c y ( i . e . , i t 
takes v i r t u a l l y a l l o f the time ava i l ab l e to obta in 
s u f f i c i e n t energy) . This inc luded f l y i n g to the n o r t h 
side o f the estuary once the ava i l ab l e feed ing areas 
of Coatham Sands had been covered (see Appendix 3 . 1 ) . 
Sander l ing do not s tore much f a t in autumn (Les Goodyer, 
pers , com.) ; they must balance t h e i r energy budget 
d a i l y . I n severe weather, Sanderl ing s u f f e r increased 
m o r t a l i t y (Evans 1981), Therefore , one would expect 
them to t r y to maximize the r a t e of energy i n t a k e . 
At Teesmouth, Sanderl ing feed on three main 
100 
prey: Ner ine . Bathyporeia sp, and Eurydice . I n terms 
o f numbers and biomass, Merine i s the most p r o f i t a b l e . 
Nerine are obta ined by the t a c t i l e f o r a g i n g method of 
s t i t c h i n g and by p rob ing , which inc ludes a v i s u a l and 
t a c t i l e component. Werine i s d i s t r i b u t e d p a t c h i l y 
alongshore, a l though found throughout Coathara Sands. 
Hence, the f o r a g i n g methods o f the Sanderl ing are not 
evenly d i s t r i b u t e d i n the beach areas. Nerine occur 
i n d i s t i n c t zones. (The zones are de f ined by t h e i r 
d is tance below the HW4.) One s t ra tegy might be to 
concentrate f eed ing e f f o r t s i n the zones o f highest 
Nerine numbers. (Size d i s t r i b u t i o n o f N.erine should 
also be accounted f o r . ) Continued feed ing i n these 
zones i s not poss ib le on two accounts: i ) each zone 
i s r a p i d l y covered by the f l o o d i n g t i d e , and 
i i ) a v a i l a b i l i t y i s r e l a t e d to the wetness of the sand 
and hence to the p o s i t i o n o f the t i d e . For the l a t t e r , 
e i t h e r Nerine i n d r y i n g sand r e t r e a t out o f the range^.-
o f the Sander l ing ' s 25 mm b i l l or s t i t c h i n g i s not 
poss ib le i n dry sand (a l though probing may s t i l l be 
p o s s i b l e ) . Once out o f the main Nerine zone, 
Sander l ing should feed on whatever prey i s most 
p r o f i t a b l e . For a major p o r t i o n o f t h e i r f o r a g i n g , 
Sander l ing are dependent on the l o c a t i o n of the waves. 
The du ra t ion o f s t i t c h i n g i i f o r both successfu l 
and unsuccessful a t tempts) was s i g n i f i c a n t l y longer 
than p rob ing . B i r d s were cons tant ly being pushed up 
the beach by incoming waves, feed ing by s t i t c h i n g 
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c h i e f l y on the ebb t i d e or where wave frequency was 
reduced ( t r ansec t 5) or showed l i t t l e movement (such 
as Redcar Beach a t the low water p e r i o d ) . While 
s t i t c h i n g , b i r d s have a l i m i t e d search area, w i t h 
heads bu r i ed i n the sand, thus c o n f i n i n g them to 
reduced f o r a g i n g areas. Thus, CCJJ p led w i t h the f a c t 
t h a t they had to o r i e n t p a r a l l e l to the waves, 
Sander l ing maintained themselves i n the zones o f 
^igh. Ner ine numbers , ( F i g . 4 . 1 2 ) . 
, The Sander l ing ' s response to t h e i r major 
c o n s t r a i n t , the waves, i s shown in t h e i r v i s u a l 
o r i e n t a t i o n p r i o r to f e e d i n g . A bimodal d i s t r i b u t i o n 
o f v i s u a l . o r i e n t a t i o n (corresponding to d i r e c t i o n s 
p a r a l l e l to the waves) was espec ia l ly w e l l de f ined 
f o r s t i t c h i n g , and most pronounced whi l e s t i t c h i n g 
i n beach p o s i t i o n s c loses t to the waves ( F i g s . 4.7 
and 4 . 8 ) . 
P rox imi ty to the waves and the avai lable 
f o r a g i n g t ime helped determine i f s t i t c h i n g or probing 
occurred (see F i g . 4 . 1 1 ) . The frequency of probing 
was g rea te r on the f l o o d t i d e , however, t h i s may have 
been due t o an i n a b i l i t y to forage by s t i t c h i n g 
(because o f a v a i l a b l e t ime) ra the r than a preference 
f o r p r o b i n g . Probing r e s u l t e d i n the capture of 
Nerine and Bathyporcia. /Rurydiee. 
When the Nerine zone i s covered by the t i d e 
( p r i o r to h igh water, see F i g . 3 . 2 ) , or when b i r d s 
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are feed ing i n an area where Bathyporeia are more 
numerous (Coatham Sands) the feed ing method i s 
determined by the s t a t e o f the t i d e , which also a f f e c t s 
the a c t i v i t y o f the prey . Once covered by the t i d e , 
both Bathyppreia and Eurydice come i n t o the water 
column. Waves were the p r e f e r r e d beach p o s i t i o n when 
f o r a g i n g by the water-column method (and the l e a s t 
p r e f e r r e d when s t i t c h i n g ) . When f o r a g i n g by the 
water-'column method, b i r d s only submerged t h e i r b i l l , 
r educing the need to o r i e n t to the waves. This made 
f o r a g i n g i n the waves by t h i s method pos s ib l e . 
The i n v e r t e b r a t e data alone cannot determine 
how and where the b i r d s w i l l f e ed . The cons t ra in^ t s 
found i n each area must be considered at a l l t imes . 
With the uncovering o f the f i r s t Nerine a t t ransects 
1 and 2, the Sander l ing begin to appear on Coatham 
Sands; s t i t c h i n g was v i r t u a l l y absent, w i t h the b i r d s 
concen t ra t ing i n the shal low zone, feed ing by probing 
and the water-column method. At t ransect 5 the 
inc idence of the water-column method was reduced, w i t h 
the b i r d s concen t ra t ing e f f o r t s i n the wet sand. 
During a r i s i n g t i d e , waves breaking i n r a p i d 
succession made the time-consuming s t i t c h method 
i n a p p r o p r i a t e . I t was at t ransec ts 1 to 4 where the 
g rea tes t amount of t ime was spent i n r u n n i n g . With 
r a p i d l y successive waves, there was a lso a reduced 
wet sand area, the b i r d s being fo rced to probe and feed 
by the water-column method. That Sanderl ing continued 
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to feed mainly by s t i t c h i n g and probing at transect 5 
w i t h l i t t l e su.-oess (on Nerine). suggests t h a t Nerine 
was the p r e f e r r e d prey, despite large Bathyporeia 
concentrations i n t h i s area. 
I f Nerine i s the preferred prey of Sanderling 
( a t transect 5 and Redcar Beach), what determines how 
long b i r d s w i l l continue to search? I f the duration of 
a s i n g l e unsuccessful attempt represents the''persistence 
time'," then there was a s i g n i f i c a n t inverse r e l a t i o n s h i p 
between persistence time and the success r a t e of Merine 
captures (when s t i t c h i n g ) . While s t i t c h i n g , b i r d s did 
not show area-concentrated search, but maintained a 
forward movement, p a r a l l e l to the waves and w i t h i n a 
p a r t i c u l a r feeding zone (when p o s s i b l e ) . Contraction 
of the predator's search path a f t e r success i n prey 
capture has been suggested by several authors (Banks 
1957, Cody 1971, Smith ig74a, 1974b, and Pyke et . al„ 
1977). As the f o r a g i n g areas of the Sanderling were 
r a p i d l y covered, such c o n t r a c t i o n was seldom possible. 
For probing, no r e l a t i o n s h i p existed between 
persistence time and success r a t e w i t h Nerine. This 
was perhaps due to a v i s u a l component present while 
probing. As w i t h s t i t c h i n g , no area-concentrated 
search was evident while probing. Birds moved from 
an area to avoid another foraging Sanderling, because 
of the waves, to move to a new foraging "patch" or to 
inspect another i n d i v i d u a l . Most i n v e s t i g a t i o n s occurred 
by b i r d s t h a t were probing and when the i n v e s t i g a t i n g 
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b i r d had been unsuccessful. While probing, b i r d s o r i e n t 
p a r a l l e l to the waves and continue moving forward 
maintaining i t s e l f i n a p a r t i c u l a r zone, thus 
responding to the same c o n s t r a i n t s encountered while 
s t i t c h i n g . 
Sanderling must adapt t o the c o n s t r a i n t s of 
the ebbing and f l o o d i n g t i d e s . They can choose where 
to feed alongshore at each st a t e of the t i d e , a l l i n 
r e l a t i o n to the density and a v a i l a b i l i t y of a l t e r n a t i v e 
prey. The foraging method, i n p a r t , . i s determined 
by prey a v a i l a b i l i t y which i t s e l f i s determined by 
the s t a t e of t i d e and conditions of the substrate. 
I n a series of labo r a t o r y experiments, 
Myers e t . a l . (1980) studied the r o l e of prey s i z e , 
prey depth, prey m i c r o d i s t r i b u t i o n and substrate 
p e n e t r a b i l i t y i n a f f e c t i n g prey a v a i l a b i l i t y to 
Sanderling. A l l f a c t o r s a f f e c t e d prey r i s k , and thus 
Sanderling feeding h a b i t s . I n simulating the upper 
por t i o n s of the wave-washed area (the area where the 
wave had receded) the researchers constructed an 
optimal s i t u a t i o n ( i n terms of time a v a i l a b l e f o r 
fe e d i n g ) , where s o c i a l i n t e r a c t i o n s were no longer 
a f a c t o r . 
I t could have been stated a p r i o r i t h a t the 
above fo u r f a c t o r s would a f f e c t both prey r i s k and the 
r e s u l t i n g foraging of the Sanderling, The e x t r a p o l a t i o n 
of these t e s t r e s u l t s onto the nat u r a l s i t u a t i o n , 
however, must be cautioned ( e s p e c i a l l y i n terms of the 
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amount of a f f e c t r e s u l t i n g from each f a c t o r ) . I n t h e i r 
experiments, the prey was "frozen", thus there was no 
p o s s i b i l i t y of Sanderling d e t e c t i n g any movement. 
Because l i t t l e time i s a v a i l a b l e f o r Sanderling t o feed 
i n s p e c i f i c areas (where waves are a f a c t o r ) , the birds 
may not be able to feed o p t i m a l l y ; r a t h e r , they may 
be making the best use of avia,lable time. Although 
the strand l i n e may not represent a high c a l o r i c area, 
there may be more a c t u a l feeding time there and a 
greater p r o b a b i l i t y of o b t a i n i n g at l e a s t some energy. 
I f d i f f e r e n t prey species l i v e i n d i f f e r e n t 
"patches" of the predator's hunting range, the problem 
f o r the hunter i s to a l l o c a t e i t s time between them i n 
the most productive way (Curio 1975). A series o f 
s p a t i a l problems confront the Sanderling which forage 
along the open beaches of Teesmouth. To loc a t e prey 
economically the b i r d s must decide f i r s t on t h e i r 
feeding l o c a t i o n . The choice of foraging method and 
p o s i t i o n of beach i n which to feed i s at l e a s t 
p a r t i a l l y determined by the environmental c o n s t r a i n t s . 
Areas are r a p i d l y opened and closed by the waves, and 
a l i m i t e d amount of time i s a v a i l a b l e on most feeding 
attempts. Social e f f e c t s may also help determine 
s p a t i a l requirements and l i m i t a t i o n s . Smith (1971) 
r e f e r r e d t o ' r u l e s ' which b i r d s should f o l l o w to 
achieve success while f o r a g i n g (e.g., making a l t e r n a t e 
l e f t and r i g h t t u r ns when unsuccessful i n a feeding 
at t e m p t ) . S i m i l a r r e s u l t s have been reported f o r 
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g o l d f i s h (Kleerekoper e t . a l , 1970), h e r r i n g larvae 
(Rosenthal & Hempel 1970), and sticklebacks (Thomas 
1974). The option of l e f t and r i g h t turns i s not 
often a v a i l a b l e f o r b i r d s feeding along the wave's 
expanse. Although Nerine have been shown to e x h i b i t 
some clumping i n t h e i r d i s t r i b u t i o n , they are usually 
a v a i l a b l e throughout the band of highest density. I f 
d e n s i t i e s are high enough i t may not be necessary 
f o r b i r d s to a l t e r a search path, but r a t h e r , to 
maintain t h e i r l o c a t i o n w i t h i n the i n v e r t e b r a t e band 
and feed by the most appropriate method on the most 
a v a i l a b l e prey. 
The value of a given foraging strategy comes 
from i t s i n t e g r a t i o n with the ecology of the i n d i v i d u a l . 
F i e l d studies such as Cody's (1971) suggest t h a t 
f o r a g i n g s t r a t e g i e s should be seen as long term 
processes, and not l i m i t e d to any p a r t i c u l a r segment 
of time. I n order to reduce foraging studies t o 
manageable l e v e l s , two trends occur: s i m p l i f i c a t i o n 
of the components of foraging and the s i m p l i f i c a t i o n 
of environmental f a c t o r s (reduction of complicating 
c o n s t r a i n t s ) . Both of these lead to f a l s e impressions 
regarding the operation of foraging mechanisms. 
I n t e r a c t i o n s w i t h conspecifics manifest e f f e c t s 
i n both obvious and subtle ways. A most notable example 
has been provided by Goss-Custard (1976) i n describing 
the e f f e c t s of i n t e r f e r e n c e i n feeding success i n 
Redshank and t h e i r main prey (Gorqphium). Where optimal 
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models are tested i n a manipulated s i t u a t i o n (such as 
Krebs e t . a l . (197^), external f a c t o r s such as competing 
species, behaviour of the prey and physical conditions 
are eliminated. This i s not an argument against 
proposing t h e o r e t i c a l models, or models based on 
l a b o r a t o r y s t u d i e s , f o r they often provide the 
framework on which the views of the f i e l d w o r k e r are 
based. However, a feeding strategy can be seen 
r e a l i s t i c a l l y only when placed i n the context of the 
f i e l d s i t u a t i o n . 
I n the Oharnov model (1973 page 14), "the 
prey items are handled one at a time and t h i s handling 
time i s unavailable f o r searching ( i . e . , no new prey 
may be encountered during the handling of a prey 
i t e m ) " . Sanderling do not remain i n a c t i v e while handling 
prey. I n 37 of 177 analyzed foraging successes, the 
b i r d took two paces or more while handling prey. There 
was also much head t u r n i n g during t h i s period. Handling 
time has often been designed as a d i s t i n c t phase of 
feeding i n which no other a c t i v i t y takes place. Such 
assumptions are misleading and may have an e f f e c t on 
how the observer measures time a l l o c a t i o n of the b i r d s 
and how the observer's understands the foraging mechanisms, 
I t i s perhaps prudent f o r the researcher to 
i n v e s t time i n understanding the c o n s t r a i n t s (physical 
and environmental) r a t h e r than gust b u i l d i n g models 
which r e s u l t from l a b o r a t o r y s i t u a t i o n s (not a c t u a l l y 
experienced by the b i r d s ) . The constraints present at 
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Teesmouth are such t h a t they shape the s t r u c t u r e of 
the Sanderling's foraging mechanisms (e.g., t u r n i n g 
p a r a l l e l t o the waves). Laboratory observations i n 
the absence of d e t a i l e d f i e l d observations may lead to 
dangerous conclusions as to the nature of the 
Sanderling's feeding s t r a t e g i e s . 
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CHAPTER 5 TaRNSTONE ECOLOGY AND MOVEMENT PATTERNS ON 
TEESMOUTIP'S SOUTH SIDE. 
5.1 I n t r o d u c t i o n 
Turnstone, l i k e Sanderling, are s o c i a l feeders. 
As a winte r v i s i t o r i n Europe and the P a c i f i c North 
American coast, Turnstone occur i n r a t h e r t i g h t l y packed 
groups while feeding and r o o s t i n g , seldom s o l i t a r y (pers. 
obs.). At high t i d e at the Wash, as many as 1000 may 
roost together (Minton, 1970). I n winter Turnstone are 
mainly i n h a b i t a n t of coastal regions where they feed on 
wrack f l i e s , mollucs, annelids and crustaceans. The 
most common winter h a b i t a t i s rock outcrops with mussels 
( M y t i l i d a e ) . Turnstone are known to scaveng on cockles 
on the Wash (Jones 197^). Also on the Wash, Turnstone 
were observed digging systematically through mud 
e x t r a c t i n g Corophium (Jones 1974). This i s s i m i l a r to 
the Turnstone at Teesmouth which dig f o r Nerine i n p i l e s 
of sand l e f t by b a i t .'diggers* (See Jones, 1974, f o r a 
l i s t of foods found i n Turnstone p e l l e t s on the Wash.) 
As i s a common p r a c t i c e of Sanderling, Turnstone w i l l 
remain close to Oystercatchers, feeding on the f i n a l 
scraps of meat l e f t i n mussels (pers. obs,). 
Turnstone are seen i n connection w i t h Sanderling, 
Dunlin, Knot and Redshank on open coastal areas. Along 
w i t h Purple Sandpipers, Turnstone may be the f i r s t to 
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appear on rocky areas f o l l o w i n g high t i d e periods. 
A main d i f f e r e n c e between the Sanderling's 
and the Turnstone's s o c i a l organization i s the large 
number of aggressive displays w i t h i n Turnstone groups. 
I n t h i s chapter I discuss the observations on the 
Turnstone, during the winter, how repulsion ( v i a 
aggression) and a t t r a c t i o n towards conspecifics, helped 
to determine the d i s t r i b u t i o n patterns seen on the 
south side of the estuary. Aggression; may be a main 
f a c t o r i n p r o v i d i n g d i s t r i b u t i o n patterns and may 
r e s t r i c t the number of i n d i v i d u a l s using the set of 
h a b i t a t s contained w i t h i n the estuary. 
;'The d e t a i l e d feeding observations c a r r i e d 
out on Sanderling l e f t r e l a t i v e l y l i t t l e time f o r 
observations on Turnstone. I t was d i f f i c u l t determining 
what food Turnstone were t a k i n g during each i n d i v i d u a l 
feeding movement. Birds were often obscured by rocks,^. 
making them d i f f i c u l t to count. This species does, 
however, provide a valuable comparison to the 
Sanderling. 
5.2. Methods 
Throughout the winter season at Teesmouth, 
(September t o May), Turnstone were counted at r o o s t i n g 
and feeding l o c a l i t i e s to determine movement patterns 
and the d i s t r i b u t i o n of the b i r d s . Taped commentaries 
I l l 
were made to determine aggressive l e v e l s , the reasons 
aggression occurred, and the outcome of i n t r a s p e c i f i c 
aggression. Colour-marking of i n d i v i d u a l s f a c i l i t a t e d 
i n d i v i d u a l r e c o g n i t i o n . B i r d s were colour-marked f o r 
several reasons: i ) to understand the h a b i t a t u t i l i z a t i o n , 
feeding and movement patterns along the south side of 
the estuary; i i ) to look at the m o r t a l i t y and s i t e 
f i d e l i t y between years, thus p r o v i d i n g an estimate of 
t o t a l Turnstone pressure on the resources of the south 
side; i i i ) t o study the p a t t e r n of roost l o c a t i o n s w i t h 
a v a i l a b l e food sources; and, i v ) to see i f there was 
any p o s i t i v e associations amongst i n d i v i d u a l s w i t h i n 
the populations. Observations on colour-marked b i r d s 
provided the best i n d i c a t i o n s as to movement patterns, 
consistency of area use, the di f f e r e n c e between adult 
and j u v e n i l e b i r d s and the s u r v i v a l and r e t u r n rates 
over the course of the study. (See Appendix 5.1 
f o r a summary on s u r v i v a l r a t e s of Turnstone at 
Teesmouth,) 
I n the f i r s t year of the study, 54 Turnstone 
were i n d i v i d u a l l y marked. I n the second and t h i r d 
years of the study, 48 and 8 a d d i t i o n a l Turnstone were 
colour-marked. Of the marked b i r d s , 17 were ringed as 
j u v e n i l e s and 7'5 as a d u l t s . In addition to the above 
b i r d s , 20 Turnstone, (7 juveniles).'^ were colour-marked 
on 5/5/1977. As t h i s was a "passage" period these b i r d s 
were not included i n the r e t u r n rates. 
5.3 Dispersal from the roost and general movement patterns 
More than other wader species u t i l i z i n g the 
south side o f the estuary, Turnstone confined t h e i r 
feeding a c t i v i t y to the area between South Gare and 
Saltburn. Birds roosted on two rnain s i t e s ( F i g . 5.1). 
Two hours a f t e r high water the Turnstone l e f t the '~ 
roost and dispersed along the beach from South Gare 
to Saltburn ( F i g . 5.2). As the rocks a d j o i n i n g South 
Gare became exposed the Turnstone began to leave 
the roost and s t a r t e d f o r a g i n g on small crabs, 
l i m p e t s , barnacles, amphipods and polychaetes w i t h i n 
the Fucus along the "German Charlies" at South Gare, 
(see F i g . 5 . I ) . From South Gare the b i r d s would move 
south i n successive waves of two to twenty b i r d s , 
f l y i n g towards Coatham and Redcar Rocks and f u r t h e r 
south, or to the a d j o i n i n g Coatham Sands. A f t e r low 
water^ the pat t e r n was reversed ( F i g . 5.3). The 
r o o s t i n g p a t t e r n of the Turnstone was modified by 
gales and wrack beds which tended to be l o c a l i z e d 
according to wind d i r e c t i o n . The time at which the 
b i r d s returned to.i the roost depended on the state of 
the t i d e , (neap or s p r i n g ) , what food was a v a i l a b l e 
and the p r e v a i l i n g weather conditions. 
Turnstone are extremely o p p o r t u n i s t i c i n t h e i r 
feeding h a b i t s (Jones 1975, MacDonald & Parraelee 1962, 
Mercer 1966 and Prater 1972). During the emergence 
Figure 5.1, 
The main roosts f o r Turnstone feeding 
along the Tees' south side. The main 
roosts were located i n Bran Sands and 
the small adjoing harbour. See t e x t 
f o r the p a t t e r n of b i r d s r a d i a t i n g out 
along the coast a f t e r the High Water 
period. 
South Gare j ' 
Main 
Roost 







The average number of Turnstone using 
the main roost during the 1976-77 and 
1977-78 win t e r s , ( l a t e September to 
mid-April ) , 
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Figure 5.3. 
A summary of movement patterns of 
Turnstone on the Tees' south side, 
(a) The period f o l l o w i n g high water. 
C i r c l e s ( s o l i d ) represent areas where 
Turnstone might stay to feed during 
low water, 
(b) The period f o l l o w i n g low water 
when Turnstone begin moving n o r t h on 
t h e i r r e t u r n to the Main Roost, 
S G- South Gare, 
C R- Coatham Rocks, 
R R- Redcar Rocks, 





of wrack f l i e s or the sudden a v a i l a b i l i t y of other 
r i c h food sources on the beach even those i n d i v i d u a l s 
which u t i l i z e d c e r t a i n rocks w i t h great r e g u l a r i t y 
would move to the beach. The appearance of such 
sporadic food sources a f f e c t e d the b i r d s r o o s t i n g 
h a b i t s . I t was not uncommon f o r the m a j o r i t y of the 
Turnstone to begin t o r o o s t , (along Coatham Sands or 
South Gare Sands), two or three hours before a midday 
h.igh water p e r i o d . During the emergence of wrack 
f l i e s the b i r d s would sometimes not go to the roost 
over h i g h water but would continue to feed, or r o o s t , 
on the beach. There was no i n d i c a t i o n t h a t the b i r d s 
were stressed i n terms of energy procurement; more 
data on weight changes over the winter period might 
provide some proof f o r t h i s statement. 
The main roosts provided a sheltered l o c a t i o n 
where b i r d s had easy and r a p i d access to the f i r s t 
exposed rocks, (South Gare Rocks). On days of heavy 
gales, b i r d s had access to rock and beach areas 
without having t o f l y as f a r south as they normally 
d i d . The beach at South Gare often h e l d l a r g e wrack 
beds and when thrown up on a spring t i d e provided 
s u i t a b l e h a b i t a t f o r the breeding of wrack f l i e s . 
The main roost was used as a place f o r b i r d s 
to c o l l e c t before or a f t e r the main feeding periods. 
No aggression was evident at the roost. On several 
occasions Turnstone r o o s t i n g on smaller roosts w i t h i n 
Eran Sands were seen f l y i n g as a group to the main 
r o o s t , j u s t before the time of roost departure, and 
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then seen landing and departing with b i r d s already on 
the r o o s t . This suggests t h a t the main roost 'may have'' 
served as a place of i n f o r m a t i o n t r a n s f e r , as has been 
proposed by Krebs (1974) and Zahavi (1971). I also 
observed b i r d s spending the high water period along 
South Gare Sands, and f l y i n g to the main roost j u s t 
before the time of the b i r d s ' departure from the r o o s t . 
Even on days when the t i d e would completely cover the 
main r o o s t , b i r d s would c o l l e c t on the roost before 
f l y i n g to another r o o s t . The movement both to and 
from the main roost occurred i n stages w i t h groups 
of ten b i r d s or l e s s , although l a r g e r groups occasion-
a l l y f l e w t o and from the r o o s t . I f winds retarded 
the movement of the t i d e up the beach, al l o w i n g b i r d s 
t o remain longer, they would s t i l l f l y t o the roost 
on schedule. 
Turnstone c o l l e c t e d at South Gare Rocks 
a f t e r t h e i r departure from the main r o o s t . The 
u t i l i z a t i o n of South Gare Rocks dropped to i t s lowest 
about the time of low water ('Fig. 5.4). Not a l l b i r d s 
t h a t c o l l e c t e d on South Gare Rocks fed there, f o r 
many i t was a f u r t h e r r o o s t i n g period, apparently 
w a i t i n g f o r more productive areas to become a v a i l a b l e . 
There was no suggestion t h a t aggression was causing 
b i r d s to leave South Gare Rocks. I t did not repre-
sent a p r e f e r r e d feeding area. 
The southward movement and the r e t u r n i n g 
northward movement are best shown by counts at Redcar 
Rocks ( P i g . 5.5). Outside of the main period of 
Figure 5.4. 
The average number o f Turnstone at 
South Gare Rocks, ( s o l i d l i n e - based 
on 56 counts), and at South Gare 
Beach, (broken l i n e - based on 46 
counts), during the 1977-78 winter , 
( l a t e September to early May). 
Counts are f o r a l l i n d i v i d u a l s , 
r o o s t i n g or feeding. The l e f t hand 
scale i s f o r South Gare Rocks and 
the r i g h t hand scale f o r South 
Gare Beach. 
HW- High Water. -
IW- Low Water. 






The average number of Turnstone at 
Redcar Rocks during the 1977-78 
wi n t e r , ( l a t e September to e a r l y May). 
Counts are f o r a l l i n d i v i d u a l s , r o o s t i n g 
or feeding. This f i g u r e i s based on 
54 counts. 
HW- High Water. 
LW- Low Water. 
Arrows show the d i r e c t i o n of Turnstone 
movement. 
S o u t h North 
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u t i l i z a t i o n at Redcar Rocks there was a Turnstone 
population of f i v e to twenty b i r d s . Although not 
p r e f e r r e d by most of the Turnstone population, some 
i n d i v i d u a l s fed at Redcar Rocks c o n s i s t e n t l y . Birds 
could be seen f l y i n g south towards Saltburn without 
stopping at Redcar Rocks. Others would c o l l e c t as the 
rocks were becoming exposed, f l y i n g south during the 
time before low water. As w i t h South Gare Rocks, b i r d s 
appeared to leave by choice as opposed to being pushed 
out by aggression. I n d i v i d u a l s may have selected Redcar 
Rocks because of the reduced concentration of b i r d s and 
thus reduced aggression. When b a i t diggers l e f t mounds 
of •S'and, and made Nerine a v a i l a b l e , more Turnstone 
remained and increased the l i k e l i h o o d of aggressive 
encounters. 
5.4 S i t e f i d e l i t y 
There was a strong p r e d i c t a b i l i t y as to the 
l o c a t i o n of colour-marked i n d i v i d u a l s . (See Appendix 5.2 
f o r a summary of the use of the estuary by colour-marked 
b i r d s . ) I n a l l patterns of s i t e f i d e l i t y mentioned below, 
appearance of wrack or weather conditions could a l t e r a 
b i r d ' s l o c a t i o n . 
As expected, there was much i n d i v i d u a l v a r i a t i o n 
i n the b i r d s ' use of the various h a b i t a t s . Certain 
i n d i v i d u a l s showed attachment to s p e c i f i c areas while 
others were more d i f f i c u l t to t r a c k during observations. 
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Redcar Rocks was a pref e r r e d feeding s i t e by 
r e l a t i v e l y few i n d i v i d u a l s . One such b i r d was Y/O R. 
Ringed as a j u v e n i l e on 2 5 / 1 1 / 1 9 7 6 , t h i s b i r d showed 
consistent use of Redcar Rocks i n i t s f i r s t year (Appendix 
5 . 3 ) . During t h i s f i r s t year, (a j u v e n i l e ) , Y/O R was 
only seen at Redcar Rocks, and once on Coatham Sands. 
This b i r d was often seen alone, which was unusual f o r t h i s 
species. During i t s second year on the Tees, ( 1 9 7 7 - 7 8 , 
i t s f i r s t year as an ad u l t b i r d ) , i t was seen several 
times on the'beach at South Gare as we l l as the South 
Gare Rocks ("German C h a r l i e s " ) . The few taped commentaries 
vof t h i s b i r d as a j u v e n i l e showed i t to be extremely 
wary and unsuccessful i n aggressive encounters. I f 
there was a d e f i n i t e d i f f e r e n c e i n the aggressive, outcome,, 
of a d u l t and j u v e n i l e s (as suggested by Groves 1 9 7 8 ) , 
t h i s may have helped to determine where the b i r d fed, 
( i . e . , choosing a l o c a t i o n such as Redcar Rocks where 
few other b i r d s f e d ) . F a m i l i a r i t y w i t h the Tees and a 
possible change i n status w i t h adulthood may help explain 
the a d d i t i o n a l l o c a t i o n s i g h t i n g s of the b i r d i n i t s 
second year. 
A second j u v e n i l e , L / R Y , ringed on 5 / 2 / 1 9 7 7 , 
was absent from South Gare (the area near the main r o o s t ) , 
p r e f e r r i n g Redcar Rocks and Coatham Sands (Appendix 5 . 4 ) . 
I n c o n t r a s t to L / R Y and Y/O R, R L (an a d u l t ) showed a 
preference to South Gare f o r a l l years of observations 
(Appendix 5 . 5 ) . Although j u v e n i l e Turnstone were seen 
r o o s t i n g w i t h a d u l t s along Coatham Sands they were r a r e l y 
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seen on the main Turnstone r o o s t . For the 1976-77 
observations, of 45 s i g h t i n g s of colour-marked Turnstone 
on the main r o o s t , only one was a j u v e n i l e , (The marked 
population during these obserbations consisted of 19 
j u v e n i l e s and 79 a d u l t s . ) Juveniles may have avoided 
the roost to continue feeding elsewhere over high water. 
Their inexperience at foraging may have caused them to 
feed f o r a longer period than the a d u l t s . A l t e r n a t i v e l y , 
j u v e n i l e s may not have been as t o l e r a t e d by the adults 
on the main r o o s t . 
5.5- Association between b i r d s 
A l l s i g h t i n g s f o r the 1977-78 winter were put 
on t o computer cards to t e s t f o r p o s i t i v e associations. 
For a l l s i g h t i n g s , the f o l l o w i n g data were c o l l e c t e d : 
- the l o c a t i o n of the i n d i v i d u a l (South Gare Rocks, 
Redcar Rocks e t c . ) ; 
- the time of day and the st a t e of the t i d e ; 
- the size of the group i n which the subject b i r d 
occurred; 
- the number of Turnstone i n the area; 
- whether the b i r d was r o o s t i n g or feeding; 
- the number of Turnstone r o o s t i n g i n the area; 
- the .Pumber of colour-marked b i r d s present and the 
'status! of each colour-marked b i r d . The 'status' 
of these b i r d s was determined by t h e i r r e l a t i o n s h i p 
w i t h the subject b i r d and placed i n t o one of four 
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categories: l ) associated and feeding together; 
2) associated and r o o s t i n g together; 3) not -t: 
associated and feeding; and, 4) not associated 
and r o o s t i n g . Association depended on the b i r d s 
being i n the same group. 
The d i f f i c u l t y i n t e s t i n g such associations i s i n t r y i n g 
t o insure t h a t the choice of ha b i t a t s made by the b i r d s 
do not simply coincide w i t h another i n d i v i d u a l . ( i . e . , 
t h a t s i m i l a r choice of s i t e does not lead to the 
d e f i n i t i o n of the group). The occurrence of larg e wrack 
p i l e s a t t r a c t e d a high percentage of the Turnstone 
p o p u l a t i o n , s i g h t i n g s i n these areas had to be approached 
w i t h caution. 
Using the computer to sort out s i g h t i n g s of 
the i n d i v i d u a l s , two main c l u s t e r s were i d e n t i f i e d : b i r d s 
Y/R Y, L Y, Y G; and, L B, W Y, R L, I 0 and L/W Y. 
B i r d s G/W ,Y and 0 L also showed r e l a t i o n s h i p s w i t h i n the 
groups. The connections between some of these b i r d s are 
shown i n F i g . 5.6. The s t r e n g t h of relatedness,, (defined 
as those b i r d s most often seen w i t h a p a r t i c u l a r 
i n d i v i d u a l ) are shown by the width of the connecting 
l i n e s . These r e l a t i o n s h i p s were determined from s i g h t i n g s 
at a l l p o i n t s along the south side and not only from the 
major gathering areas. The s i g h t i n g s of two sets of 
b i r d s , Y G & Y/R Y and W Y & L B, are shown i n Table 
5.1a-b. The most important s i m i l a r i t i e s w i l l be those 
s i g h t i n g s when r e l a t i v e l y few b i r d s were i n the area, as 
Figure '5 •6. 
The r e l a t i o n s h i p s amongst several colour-
marked Turnstone. Relationships are 
suggested by the width of connecting 
bars. Relationships were derived freni 
the number of times b i r d s were seen 
f o r a g i n g or r o o s t i n g together. For 
an example of sightings,see Table 5.1. 
o 
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TABLE 5 .1 a,b. 
Sightings of b i r d s feeding toeether: a.(Y G & 
Y/R Y). and b , (W Y & L B). 
(a) Y G & Y/R Y. 
Date State o f t i d e Location Turnstone present 
20/9/77 LW+520 Redcar Rocks 13 
8/11/77 LW+245 Redcar Rocks 15 , 
15/11/77 IiW,+400 Redcar Rocks 15 
18/1/78: HW+115 S G Rocks 
20/2/78 HW+215 S G Rocks 14 
1/4/78 LW+140 S G Rocks 40..-
3/4/78 HW+:50 Transect 5 
(Coatham Sands) 45 
18/4/78 HW+300 Transect 4 
(Coatham Sands) 
20/4/78 LW+345 Transect 3 
(Coatham Sands) 
20 
20/4/78 • LW+530 Transect 5 
(Coatham Sands) 
20 
T o t a l s i g h t i n g s : Y G- 21 
Y/R Y- 25 
Index of asso c i a t i o n = 45% 
TABLE 5.1 cont. 
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(b) W Y &: L B -
Date ;State of t i d e Location Tur 
27/1/77 ;HW>f500 Redcar Rocks 10 
1/2/77 HW+100 Transect 5 
(Coatham Sands) 
15/2/77 LW+350 Transect 5 
(Coatham Sands) 
35 
21/3/77 lW+320 Redcar Rocks 36 
22/3/77 LW+300 Redcar Rocks 30 
25/4/77 LW+130 Redcar Rocks 3 
8/11/77 LW+245 S G Sands 140 
18/1/78 HW+110 S G Rocks 55 
22/1/78 LW+245 S G Rocks 
11/2/78 LW+145 Redcar Rocks 14 
1/4/78 HW+400 Redcar Rocks 30 
3/4/78 . HW+:50 Transect 5 
(Coatham Sands) 
45 
20/4/78 LW+300 Redcar Rocks 16 
25/4/78 LW+200 Redcar Rocks 3 
Tota l s i g h t i n g s : W Y- 34 
L B- 31 
Index of association = 45?^  
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opposed to a l a r g e p o r t i o n of the Turnstone population. 
More inf o r m a t i o n on s p e c i f i c i n t e r a c t i o n s between '' 
i n d i v i d u a l s i s necessary to say i f p a i r s are showing 
cohesive tendencies or i f they are showing s i m i l a r 
feeding p a t t e r n s . 
5.6 Aggression 
Aggression amongst foraging Turnstone was 
common. I t appeared t h a t aggression helped to l i m i t the 
number of b i r d s i n an area (except f o r those times when 
an overly abundant wrack was present). Aggression helped 
to space the i n d i v i d u a l s . I n the case of Y/O R i t may 
have also set i t s pa t t e r n f o r choice i n foraging s i t e s 
( a t l e a s t while i t was a j u v e n i l e ) . In a recent a r t i c l e . 
Groves (1978), looked at age-related aggressive behaviour 
i n Turnstone. She found t h a t j u v e n i l e s l o s t i n a l l 
c o n f r o n t a t i o n s w i t h a d u l t s , and t h a t the dropped t a i l 
posture was a sign of eventual success. During my 
feeding observations on Turnstone I noticed two very 
d i f f e r e n t types of aggressive encounters. The f i r s t 
was "rear-ending" (Type A); during these encounters, 
one b i r d displaced another by a t t a c k i n g another b i r d 
from behind. The b i r d t h a t was attacked was unprepared 
and i n 95 of 95 encounters, the ' v i c t o r y ' went to the 
a t t a c k i n g b i r d . Type A aggression often occurred when 
there were high concentrations of feeding b i r d s and when 
food was abundant. This might explain why b i r d s d i d not 
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make an attempt to defend a s i t e once displaced. In the 
second type of aggression (Type B)..a f a c e - o f f or eye 
contact b a t t l e occurred. Aggression increased an 
i n d i v i d u a l ' s feeding space, by d i s p l a c i n g another b i r d . 
-Displacement may have r e s u l t e d over a feeding s i t e or a 
feeding o b j e c t (these were often very d i f f i c u l t to 
separate). Table 5.2 shows the outcome of the two types 
of aggressive encounters. I t appears t h a t i n Type A, 
b i r d s wereibpth gaining access to a s i t e and increasing 
t h e i r feedihig:'space. Type B was more common when there 
was the p o s s i b i l i t y of gai n i n g a s p e c i f i c food item. 
More energy expenditure and p o t e n t i a l c o n f l i c t occurred 
w i t h Type B aggression. Although d i f f i c u l t to prove, 
i t would appear t h a t aggression played a r o l e i n the 
r e s u l t i n g d i s t r i b u t i o n of the Turnstone on the south side. 
A f f e c t i n g the d i s t r i b u t i o n on a very l o c a l scale may have 
also a f f e c t e d the o v e r a l l d i s t r i b u t i o n of the b i r d s . 
More w i l l be said about the use of aggressive 
signals ;and how Turnstone use and oommunicate the 
inform a t i o n ( w i t h i n the context of the s i t u a t i o n ) when I 
compare aggressive s i g n a l i n g and defence s i g n a l i n g i n 
the summer and winter s i t u a t i o n (Appendix 5.6 ) , 
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TABLE 5 . 2 , 
The outcome o f Type A and Type B aggressiA/e 
encoun te r s I n t h e Turns tone p o p u l a t i o n . See 
t e x t f o r d e s c r i p t i o n o f Types A and E agg re s s ion , 
Type A A g g r e s s i o n 
95 e n c o u n t e r s 
I n 100% o f t h e e n c o u n t e r s , t h e aggressor was t h e v i c t o r . 
B e h a v i o u r o f v i c t o r i m m e d i a t e l y f o l l o w i n g e n c o u n t e r : 
-Leaves a r e a 4.2% ( 4 ) 
- S t a y s to , f e e d 85.3% ( 8 1 ) 
- S t a y s , d o e s n ' t f e e d 10.5% ( 1 0 ) 
Type B A g g r e s s i o n 
36 encoun te r s 
I n 75% ( 2 7 ) o f t h e e n c o u n t e r s , f e e d i n g i n d i v i d u a l was 
t h e v i c t o r . 
I n 25% ( 9 ) o f t h e e n c o u n t e r s , n o n - f e e d i n g I n d i v i d u a l was 
t h e v i c t o r . 
B e h a v i o u r o f h i r d s i m m e d i a t e l y f o l l o w i n g e n c o u n t e r : 
Feed ing i n d i v i d u a l as v i c t o r -
- S t a y s t o f e e d 100% ( 2 7 ) 
N o n - f e e d i n g i n d i v i d u a l as v i c t o r -
- S t a y s t o f e e d 100% ( 9 ) 
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CHAPTER'. 6 . SOCIAL FEEDING I N SANDERLING M P TURNSTONE. 
S a n d e r l i n g and Tu rns tone a re h i g h l y s o c i a l 
d u r i n g m a j o r f e e d i n g p e r i o d s and w h i l e r o o s t i n g . The 
w i n t e r eco logy o f b o t h spec i e s i s based on open c o a s t a l 
beaches and r o c k o u t c r o p p i n g s . B o t h spec ies f a c e l i t t l e 
i n t e r s p e c i f i c c o m p e t i t i o n a t Teesmouth. Eor th^ 
S a n d e r l i n g , Knot and D u n l i n do p r e s e n t p o s s i b l e ; 
c o m p e t i t i o n , . b u t t h i s o n l y when the b i r d s a r e f e e d i n g 
on t h e r o c k s , o r on t h e mussel spat which c o l l e c t s 
a l o n g Coatham Sands a f t e r g a l e s , Turns tone compete t o 
v a r y i n g degrees w i t h K n o t , Redshank, O y s t e r c a t c h e r s and 
P u r p l e S a n d p i p e r s . T u r n s t o n e a re ex t r eme ly 
o p p o r t u n i s t i c i n f o o d s t aken and h a b i t a t s e x p l o r e d . 
T h e i r s p e c i a l i z e d h a b i t s o f r o c k - t u r n i n g and a lgae — 
f l i p p i n g , p l u s t h e i r s t r o n g s t o u t b i l l , make f o o d 
sou rces a v a i l a b l e w h i c h a r e open to few o t h e r s p e c i e s . 
, I n comparison t o T u r n s t o n e , S a n d e r l i n g can be r ega rded 
as f o o d s p e c i a l i s t s , a l t h o u g h t h e i r range o f f e e d i n g 
t e c h n i q u e s sugges t r a t h e r f l e x i b l e f o r a g i n g p a t t e r n s . 
The main d a y t i m e c o n s t r a i n t f o r b o t h spec ies 
i s t h e t i d e ( e s p e c i a l l y f o r t h e S a n d e r l i n g ) . The e f f e c t s 
o f t h e t i d e i s c l e a r l y shown i n r o o s t i n g and f e e d i n g 
p a t t e r n s o f t h e two s p e c i e s . The movements o f the 
b i r d s i n t h e i r s ea rch f o r f e e d i n g areas a t each s tage 
o f t h e t i d a l c y c l e make c e r t a i n areas more l i k e l y t o 
be chosen f o r r o o s t i n g . T r a n s e c t 5 (Coatham Sands) 
i s one o f t h e l a s t p r o f i t a b l e S a n d e r l i n g f e e d i n g areas 
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t o be c o v e r e d by t h e t i d e . ' The n e a r e s t a r e a t o t r a n s e c t 
5 wh ich i s a s u i t a b l e h i g h w a t e r r o o s t i n g l o c a t i o n (and 
indeed t h e main S a n d e r l i n g r o o s t ) i s t h e r a i s e d beach 
known as t h e Ducky . Sou th Gare Beach and South Gare 
Rocks a r e n o t cove red u n t i l l a t e i n t h e t i d a l c y c l e 
and a r e exposed aga in soon a f t e r h i g h w a t e r . The 
n e a r e s t r o c k s s u i t a b l e f o r t h e Turns tone t o r o o s t on 
a r e a l o n g Sou th Gare . T h i s i s the main Tu rns tone 
r o o s t and i s w e l l p r o t e c t e d f r o m the c o l d and t h e s t r o n g 
onshore w i n d s . 
. S a n d e r l i n g and Turns tone are q u i c k t o i d e n t i f y 
and e x p l o i t new, and t empora ry f o o d sou rce s . There i s 
b o t h t h e p o s s i b i l i t y and o p p o r t u n i t y f o r t h e t r a n s f e r o f 
i n f o r m a t i o n r e g a r d i n g t h e s e ' f o o d sources amongst 
c o n s p e c i f i c s . The f o r a g i n g p a t t e r n s o f c o l o u r - m a r k e d 
b i r d s a r e w e l l d e f i n e d , however , t h e r e a r e f r e q u e n t 
d e v i a t i o n s wh ich sugges t s " t e s t i n g " o f d i f f e r e n t 
p a t c h e s . A l t h o u g h a l l b i r d s may n o t come t o g e t h e r 
each day f o r r o o s t i n g p u r p o s e s , enough m i x i n g occur s 
t h a t i n f o r m a t i o n can be t r a n s f e r r e d over a two o r t h r e e 
day p e r i o d ( f o r a r e v i e w see Ward & Zahavi 1973) . 
I n d i v i d u a l s m i g h t f o l l o w one ano the r w h i l e r a d i a t i n g 
o u t f r o m t h e i r r o o s t s , o r t hey may s imp ly l a n d where 
o t h e r c o n s p e c i f i c s a re a l r e a d y f e e d i n g . T h i s would 
be a m a j o r advantage f o r " t e s t i n g " d i f f e r e n t f o r a g i n g 
areas and i s n o t p e c u l i a r t o these two s p e c i e s , b u t 
r a t h e r , i s w idesp read t h r o u g h o u t the C h a r a d r i i . 
There a re s e v e r a l f a c t o r s which l e a d t o t he 
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f o r m a t i o n o f s o c i a l g r o u p s ; p r o t e c t e d r o o s t s , c l o s e 
t o main f e e d i n g s i t e s were l i m i t e d ; p o s s i b l e s o c i a l 
a t t r a c t i o n ; b e n e f i t s f r o m c o n s p e c i f i c s such as 
i m i t a t i o n o f f e e d i n g b e h a v i o u r o r t h e l o c a t i n g o f f o o d 
s o u r c e s ; and p r o t e c t i o n f r o m p r e d a t i o n . 
The d i s t r i b u t i o n o f t h e f o o d source may be 
a f f e c t i n g t h e s i z e and cohes ion o f f o r a g i n g groups o f 
S a n d e r l i n g and T u r n s t o n e . The f o o d o f t h e Turns tone i s 
e s p e c i a l l y p a t c h y . Wrack beds and r o c k o u t c r o p p i n g s 
f o r m d i s c r e t e h a b i t a t s , s e p a r a t e d f r o m one a n o t h e r by 
c o n s i d e r a b l e d i s t a n c e s . B i r d s are t h u s f o r c e d t o use 
t h e same a r e a s . The f o o d source o f t h e SanderLIng 
has g r e a t e r c o n t i n u i t y , b e i n g a v a i l a b l e a l o n g t h e 
e n t i r e l e n g t h o f Coatham Sands. Both N e r i n e and 
B a t h y p o r e i a o c c u r i n c lumps , which shou ld a f f e c t t he 
s i z e o f S a n d e r l i n g g roups f e e d i n g on them. Aggres s ion 
and i n t e r f e r e n c e amongst c o n s p e c i f i c s , t he s i z e o f t h e 
clumps o f ' p r e y , t h e t h r e a t o f p r e d a t i o n and the 
b e h a v i o u r a l , e f f e c t o f i n c r e a s e d numbers o f p r e d a t o r s 
on t h e p r e y , c o u l d h e l p e s t a b l i s h t h e f o r a g i n g group 
s i z e o f S a n d e r l i n g . ' - ' . .. 
S i l l i m a n e t . a l . (1977) f o u n d t h a t increased^: 
f l o c k s i z e r e s u l t e d i n i n c r e a s e d agg re s s ion f o r 
S a n d e r l i n g . I n a n o t h e r s e t o f o b s e r v a t i o n s , Barash (1974) 
f o u n d t h a t s o l i t a r y Black-Capped Chickadees (Parus 
a t r i c a p i l l u s ) were more l i k e l y t o expe r i ence a g g r e s s i o n 
fiDom o t h e r s o l i t a r y b i r d s than an i n d i v i d u a l wh ich was 
i n a f l o c k . He sugges ted t h a t f l o c k i n g may r e s u l t i n 
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a degree o f s o c i a l i m m u n i t y . S o c i a l l e a r n i n g has been 
c i t e d as a main advantage o f f l o c k i n g (Krebs 1972 ) . 
Page and W h i t a c r e (1975) showed t h a t s i n g l e 
waders were a t a g r e a t e r r i s k than t h o s e f e e d i n g as a 
f l o c k . I n t h e i r s t u d y , t h e number o f SanderL ing taken 
by p r e d a t o r s r e p r e s e n t e d 13.5% '(18) o f t h e t o t a l 
S a n d e r l i n g p o p u l a t i o n ^ J ' u r t he rmore , t he l i k e l i h o o d 
o f a wader b e i n g p reyed upon as a s i n g l e b i r d compared 
w i t h a b i r d i n a f l o c k was 3 . 2 : 1 . (See' P o w e l l 1 9 7 4 f o r 
e x p e r i m e n t a l d a t a on p r e d a t o r d e t e c t i o n i n S t a r l i n g s . ) 
Laza rus (1972) s t a t e s t h a t f e e d i n g dispei?s ion r e s u l t s 
f r o m two iiiiain p r e s s u r e s , p r e d a t i o n ( f e e d i n g d i s p e r s i o n 
s h o u l d m i n i m i z e t h i s ) and f e e d i n g e f f i c i e n c y ( f e e d i n g 
d i s p e r s i o n s h o u l d maximize t h i s ) . P r e d a t i o n need n o t 
be common t o make f l o c k f e e d i n g advantageous ( B u s k i r k 
1 9 7 6 ) . S t i n s o n (1980) sugges ted t h a t p r e d a t i o n was 
t h e k e y . t o t h e d i s t r i b u t i o n o f waders on a " u n i f o r m " 
s t r e t c h o f beach . 
S a n d e r l i n g r e l y on s e v e r a l f o r a g i n g t e c h n i q u e s , 
b o t h t a c t i l e and v i s u a l . An i n d i v i d u a l m i g h t b e n e f i t 
f r o m t h e f e e d i n g i n f o r m a t i o n ga ined f r o m c o n s p e c i f i c s 
( l o c a t i o n o f t h e prey c l u m p s ) . Spacing s h o u l d n o t be 
so reduced t h a t s i g n i f i c a n t i n t e r f e r e n c e o f f o r a g i n g 
o c c u r s . Group s i z e , a c t i n g i n response t o prey 
a v a i l a b i l i t y , may h e l p t o d e t e r m i n e t he numbers 
f e e d i n g i n a p a r t i c u l a r a rea on any g i v e n day. Over 
an e n t i r e season, t h i s may have a m a j o r e f f e c t on t h e 
o v e r a l l d i s t r i b u t i o n o f S a n d e r l i n g on the s o u t h and 
128 
n o r t h s i d e s o f t h e e s t u a r y . ' 
T u r n s t o n e a r e m a i n l y s u r f a c e f e e d e r s , u s i n g 
v i s u a l cues f o r t h e l o c a t i o n o f t h e i r prey i t e m s . T h e i r 
f e e d i n g a reas a re a v a i l a b l e f o r r e l a t i v e l y l o n g t i m e 
p e r i o d s ( h o u r s v s . seconds o r minu tes as i s t h e case w i t h 
S a n d e r l i n g ) . From o b s e r v a t i o n s on Turns tone i n w i n t e r , 
i t appears t h a t , l i k e t h e s i t u a t i o n f o r b r e e d i n g 
T u r n s t o n e (see Append ix 5 . 6 ) , b i r d s g a i n i n p o t e n t i a l 
f e e d i n g t i m e , by a r e d u c t i o n i n w a r i n e s s , when f e e d i n g 
near c o n s p e c i f i c s . D e s p i t e t h i s a t t r a c t i o n f o r 
c o n s p e c i f i c s , T u r n s t o n e o f t e n t r y t o m a i n t a i n a l a r g e r 
f e e d i n g space than t h e c o n c e n t r a t i o n o f b i r d s would 
a l l o w , w h i c h o f t e n l e a d s t o p r o l o n g e d a g g r e s s i v e 
encounters- . T h i s a g g r e s s i o n appears t o have t h e e f f e c t 
o f d i s p e r s i n g i n d i v i d u a l s . I t i s s t i l l u n c l e a r what 
d e t e r m i n e s ' whe the r a b i r d w i l l s t o p a t a g i v e n e s t u a r y . 
The e f f e c t s I have l i s t e d w i l l h e lp t o d e t e r m i n e t h e 
b i r d s ' d i s t r i b u t i o n once t hey have a r r i v e d . These 
e f f e c t s may have even g r e a t e r l o n g t e rm r e s u l t s 
( e . g . , j u v e n i l e s may n o t s u c c e s s f u l l y compete i n an a r e a ) . 
For t hese two s o c i a l s p e c i e s , t h e d e t e r m i n a n t s 
and outcomes o f s o c i a l i t y can b e s t be u n d e r s t o o d by 
o b s e r v i n g movement p a t t e r n s and i n t e r a c t i o n s w i t h 
c o n s p e c i f i c s . Perhaps t h e m a j o r outcome o f s o c i a l i t y 
i s t he : r e s u l t a n t d i s t r i b u t i o n a l o n g t h e i r f e e d i n g 
h a b i t a t s and w i t h i n t h e e s t u a r y as a w h o l e . I t must be 
remembered t h a t t h e main causes o f s o c i a l i t y a rc t h e 
d i s t r i b u t i o n o f t h e f o o d sources and p o s s i b l e p r e d a t i o n . 
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Appendix 2 . 1 
I n v e r t e b r a t e d e n s i t i e s a l o n g the f i v e s a m p l i n g 
t r a n s e c t s ( g i g . 2 . l ) f o r t h e e i g h t main s a m p l i n g 
days . 
A l l numbers a r e i n i n d i v i d u a l s / m . A l l d i s t a n c e s 
r e f e r t o t h e number o f me t res below t h e mean HWM. 
When two samples were t a k e n a t one s t a t i o n on any 
one day , d e n s i t i e s were averaged . 
N - N e r i n e 
B - B a t h y p o r e i a 
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Ap pendix 2.2 
Densities of Nerlne. at transects 1 to 5. Coatham 
Sands, f o r the eisht main sampling days. 
November 1977 January 1978 
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Alongshore sampling f o r A p r i l 10^ 1978 
One sample was taken every 20 m from transect 
3 to 150 m past transect 5 at 70 m below the 
HWM. Corer used was the same as that used 
f o r the main saimpling days. 
Ap'pGndlx 2 . a^ 
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Site nuialaer 
Densities of prey species i n nxuGljers/m^ 
ITerine Bathyporeia li}urydice 
' 1, 640; 0 384 
2 . ; \ 384 128 
: 4992 0 384 
4 , ? . 128 . :o 128 
5' 4152 ; 0 ^ ' 0 
6 4664 ^ 128 1 28 
i: 768 0 , 0 
8 4224 0 128 
9 896 0 256 
10 1920 0 128 
11 3456 0 0 
12 640 0 1 28 
13 2048 0 1 28 
14 2048 0 0 
15 . 4480 0 0 
16 1408 0 1 28 
17 2432 128 •256 
18 2176 0 ; 0 
19 1792 0 0 
20 1 664 0 \ 128 
21 1 536 128 • 256 
22 2815 0 0 
23 2432 • 128 0 
24 4864 0 256 
25 4864 0 256 
26 , 2688 128 384 
27 4480 0 0 
28 1664 0 256 
29 2816 0 1 28 
30 3712 0 256 
149 
Site n-umber Ferine Batliyporeia Er!.rydic e 
31 3584 0 768 
32 2176 0 9088 
33 1664 128 5504 
34 4736 1 28 640 
35 1792 384 384 
36 2048 256 0 
37 1920 2048 1664 
38 640 256 "128 
39 1 664 1920 2688 
40 896 512 5504 
41 384 256 0 
42 2048 • 128 128 
43 2432 128 128 
44 1664 512 11 52'. 
45 512 896 : 0 
46 51 2 128 • ,384 
47 256 384 ^ 0 
48 640 1 024 2048 
49 384 128 1 28 
50 1280 640 384 
51 0 384 0 
52 2304 0 0 
53 2688 0 384 
54 4096 512 2816 
55 4096 1 28 1792 
56 H-v 2048 0 640 
57 3200 128 384 
58' : ,y^- 2816 0 1280 
59 } 2560 0 896 
60 4864 128 1 280 
61 1 920 512 •1152 
62 • 2816 1 28 128 
63 4224 512 896 
64 1 280 1408 256 

















































Alongshore sampling f o r May 11, 1978. 
One sample was taken every 20 m from transect 
3 to 150 m past transect 5. 
, (A) -50 m below the HWM. 
(B) -70 m below the HWM. 
:UC) -90 m below the HWM. 
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A p pendix 2.3 b 
Oite numb pi" 
Densities of prey species i n numb e J 
Ferjne Bathyporeia Euryc 
1 1792 128 0 
2 1 024 0 256 
2944 0 : 0 
4 896 0 0 
5 1 792 0 128 
' 6 3 2 0 0 : 128 128 
•7 256O 128 256 
. 8 1 792 . 0 256 
9 1 408 128 0 
1 0 , 128 128 5 1 2 
11 : 2304 0 128 
1 2 . 896 0 ' 128 
13: 1536 128 384 
14 1152 0 0 
1 5 640 128 5 1 2 
16 1920 0 256 
17 1152 0 128 
18 384 0 ,256 
19 1792 128 0 
20 1 280 0 1408 
21 1536 128 1152 
22 1 664 256 1280 
23 2304 0 1 28 
24 1024 0 640 
25 1792 128 128 
26 1792 0 256 
27 384 0 0 
28 2176 128 . 256 
29 640 0 256 
3 0 5 1 2 0 768 
153 
( A ) Densities of prey:species i n numbers/m.2 
Site number ITerine Bathyporeia Eur yd ice 
31 0 0 256 
32 2688 256 , 128 
33 256 1 28 512 
34 2304 256 0 
35 256 1152 ,256 
36 2432 128 768 
37 0 640 0 
38 0 , 0 0 
39 0 384 0 
40 2048 384 0 
41 384 1408 r664 
42 3712 256 0 
43 0 128 0 
44 896 384 0 
45 128 0 , 0 
46 1152 51 2 0 
47 768 , 512 256 
48 3072 128 0 
49 768 128 256 
50 640 128 1280 
51 : 2560 0 640 
52 2560 256 384 
53: • • l ^ - ' : 3712 . 0 256 
54 -l], " 4352 256 128 
55 : 5120: 0 0 
56 3968 128 0 
57 2176 0 128 
58 3584 256 128_^  
59 896 640 0 
60 1536 512 128 
61 384 5632 0 
62 0 1 664 0 
63 1408 2304 0 
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( A ) . Densities of prey npecies nn numbers /m^ 
Site.number ITerine BatliyDoreia Enryc 
64 ' , , 1 28 2432 0 
65 ,896 768 0 
66 512 1536 0 
67 0 64-0 0 
68 256 1024 0 
69 128 0 0 
70 256 0 : 0 
71 256 0 0 
72 1 28 0 0 
73 0 0 0 
74 0 0 0 
75 0 0 0 
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( B ) Denaj.tles of prey G p e c i e s j.ri nvn'oers/n'^ 
Site •ii'umber ITerine Bcathyporeia lihjjydice 
1. 256 0 • 6-
2 256 ' 1 28 256 
3' 1024 0 , 0 
• 4 . . 128 256 384 
5 • 128 0 512 
6 ; 384 0 0 
7 ' 1 1 5 2 0 ^ 0 
8 512 128 512 
9 . 640 128 384 
10 ' 768 0 512 
11 384 0 256 
12 128 0 0 
13 768 0 384 
14 384 0 128 , 
15 0 0 128 
16 128 384 128 
17 1152 0 0 
18 128 , 0 , 0 
19 256 0 0 
20 ' 128 0 0 
21 384 128 ' 0 
22 128 0 128 
23 512 128 128 
24 384 384 0 
25 896 0 0 
26 2560 0 128 
27 1408, 128 1024 
28 . 1024 0 0 
29 512 0 0 
30 512 0 0 
31 : 896 0 0 
32 512 0 128 
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( B ) Dorsj/biGG of prey species ni;si"bers/m2 
S i t e mmiber ITerane Bathyiooreia Eii.rydice 
33 1152 0 , 0 
34 1920 0 1408 
35 384 512 2432 
36 896 0 ,512 
3T 128 128 256 
38 2560 128, 256 
39 1664 128 512 
40 1280 0^ • 128 
41 2304 0 128 
42 1152 0 256 
43 128 0 640 
44 256 0' 384 
45 256 256 128 
46 1280 384 256 
47 1792 0 256 
48 1664 128 128 
49 256 128 128 
50 ; 1024 0 384 
51 H':;, 640 0 128 
52 ih-M 1408 0 256 
53 . 896 0 512 
54 ; :. 2304 1 28 640 
55 ' > 768 0 384 
56 1280 1 28 256 
57. 2432 128 •'• 256'-" 
58 1664 128 768 
59^ 2816 1 28 384 
60 1792 0 1280 
'61 2304 128 1152 
62 1408 256 0 
63 • - 1 664 256 1 28 
64 ' 1408 896 256 
65 3840 512 0 
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( B ) Deinsities of prey species i n nwabers/m2 
Si t e number ITerine Bathyporeia: Eur yd 
66 1152 1 28 256 
67 1408 0 128 
68 2304 128 0 
69 896 0 0 
70 384 1 536 0 
71 768 384 : 0 
72 256 384 0 
73 128 0 0 
74 0 0 0 
75' 0 : 0 0 
' i s ^ 
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(C), Densities of prey species i n nnmbers/m' 
Sit e nvinber r e r i n e Bathyporeia Surydice 
. 1 : ^- '' • 0 0 128 
V 0 • i' \ 
2 ; o o o 
3 ; 0 0 0 
4 i 28 o o 
5 256 0 384 
S . : 0 0 
. 7': 256, 256^ 0 
•8 0 0 
9 O; 0 • 128 
10 0, 0 128 
11 '• 512 \ 0 128 
1 2 ; : ;' 0 : 0 128 
13 ; i 0 0 0 
14 ' ' 0 V • ^ 0 0 
.15 0. 0 128 
16 256 0 , • 0 
17 128 ' 128 1-28 
18 256 0 0 ; 
19 1536 G 128 , 
20 384 0 0 
21 . 128 384 0 
22 128 . 0 0 
23 0 . 0 384 
24 : 128 0 0 
25 0 0 0 
26 0 0 0 
27 0 0 0 
28 0 0 0 
29 256 0 128 
30 128 0 0 
31 128 128 0 
32 640 0 128 




•Den>sities of prey species' i n numbers/m2 
Ferine Bathyporeia Eurydice 
34 896 0 0 
35 : :?S 384 0 0 
36 '-y • ' 384 0 512 
37 0^ 128 640 
38 896 1 28 1152 
39 10280 384 512 
40 ' 1024 128 640 
41 : 1152 M 0 0 
42 2048 • ' 0 0 
43 1280 '• 0 1664 
44 ,, •;512 ; : 0 2432 
45 ^ : 768 0 2340 
46 .; \ 1536 .0 2048 
47 . ,' : 2944 t28 1920 
48 : 256 
49 :512 1:28 1 408 
50 1 664 • 0 256 
51 1 28 1024 0 
52 11 52 1 28 1024 
53 384 384 384 
54 512 384' 512 
55 0 512 640 
56 256 '384 896 
57 • 384 384 1280 
58 1920 . 0 ^ 256 
59 1536 128 384 
60 1280 0 256 
61 1024 1 28 128 
62 128 0 0 
63 768 0 1 28 
64 1152 512 384 
65 128 256 51 2 
66 1408 512 1152 
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(c) Depsities of prey species i n npjnbers/m'^ 
Site number Feripe Bathyporeia Eurydice 
67 512 256 896 ; 
68 256 2304 640 : 
69 1024 • 384 •896 
70 1280 896 584 
71 512 640 384 
72 1280 1024 512 
73 1024 128^^ 256 • 
74 11 52 0 0 
75 256 • 0 :1 0 
A;ppendix 2.4 , ' 
Harapling resv5.ts f o r l-ovember 26th 1977^ Sampling 
statj.ons a t 50m and 60m below the HvM a t transect 5. 
A i l r e s u l t s f o r Bathyporeia. ,One sample tahen^ 
(diameter ofS corer, 3.7 cm),in'the centre of each 
1 0cm 3C; 1 0cm square. Grid consisted of 80cm sides 
p a r t i t i o n e d i n t o . 8 section s , y i e l d i n g 64. sampleSo. 
Samples are numbered consecutively with' row, eg, 
^ 1 G 
9 16 etc. 
Sample s i t e 50m 60m 
1 930 0 
2 1 860 1 860 
3 930 2790 
4 2790 930 
5 930 4630 
-6 0 9300 
7 930 11160 
8 0 2790 
9 0 1860 
10 930 930 
11 0 2790 
12 5580 0 
13 4650 1860 
14 2790 10230 
15 3720 3720 
16 0 10230 
17 ,0 930 
18 0 0 
19 0 930 
20 ' 1860 0 
21 W'y 1860 19530 
22 930 4650 
23 : • • • 1860 12090 
24 • \ 0 • 11160 
25 4650 10230 
26 930 3720 
27 930 , 4630 
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Sample s i t e 50m : 60m 
28 2790 2790 
29: 3720 930 
30 1860, 2790 
31 • 0 1860 
32 : J . , 3720 8370 
33' , 0 1860 
34^  \ 930 . 1860^ 
3'5' 0 1860 
36 0 ' 930 
37 0 9,50 
38 0 10230 
39 0 0 
40 930 12090 
41 0 46150 
42 930 . 2790 
43 930 2790 
44 2790 5580 
45 4650 930 
46 4650 4650, 
47 1860 7440 
48 2790 13020 
49 1860 2790 
50 0 6510 
51 '0 3720 
52 3720 930 
53 930 930 
54 0 4650 
55 1860 2790 
56 : 4650 8370 
2790 6510 
58 -j ' ':: ' 1860 3720 
59 : • -HK- 0 . 930 
60 : ; • 0 4650 
61 • ; 930 930 
62 930 930 
63 0 3720 
.64 : 930 . 7440 
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App£ii±U 2_^. 
Sampling r e s u l t s f o r December 3rd 1977. Sampling was 
c a r r i e d out a t 50m below the Ill'ffi on transect 3. A l l 
r e s u l t s f o r I'erine. Grid used was i d e n t i c a l , t o t h a t 
used on r'ovember 26th 1977 (Appendix. 2.4) Each sam.ple 
was dj.vided d.nto 2 layers , (diameter of corer was 
2o25cm, each l a y e r was 6cm. deep)o 64 samples V7cre 
taken, consecutively -.rith row, as i n Appendix'2.4. 
A l l r e s u l t s i p n\.imbers/m2. 
Upper 
Sample s i t e l a y e r layer'/; T o t a l 
1 0 629 629 
2 1258 1 258 2516 
3 0 1258 1258 
0 0 0 
5 ' ' 0 1887 1887 
6 0 ' 0 0 
7 0 : 3774 3774 
8 0 : 629 629 
• 9 ' . 0 , 629 629 
10 3145 0 ' , 3145 
11 0 1258 , 1258 
1; 2 0 1258 1258 
13 1258 1258 
629 ,2516 3145 
15 • ; 0 1887 1887 
16. 1 258 0. it 258 
17 0 1 258 1258 
18 0 629 629 
19 0 0 0 
20 629 1258 1887 
21 0 1 887 1887 
22 0 2516 2516 
23 629 629 1258 
24 Q 1 258 1258 
25 629 629 1258 
26 1258 2516 3774 
V 
Upj>er Lower 
Sample s i t e l a y e r l a y e r T o t a l 
27 1887 3774 5661 
28 0 1887 1887 
29 629 1 887. 251 6 
30 3145 1 258 4403 
31 0 1 258 1258 
32 0 3145 3145 
33 1258 1 258 2516 
34 0 1 258 1258 
35 0 1258 1258 
36 0' 629 629 
3 7 629 629 1258 
38 0 5661 5661 
39 0 1 258 1258 
40 • 0 629 629 
41 1887 , 1887 3774 
42^ srir 0 . 629 629 
.43 : ••SV:X 1887 629 2516 
44 :' ' , 629 251 6 3145 
45 1 258 1258 25I6 
46 , • ' 0 3145 3145 
47 629 ; 1 258 1887 
48 ' 0 3145 , 3145 
49' 0 629 629 
50 • 1 258 0 1258 , 
51 1258 ' 629 1887 
52 629 1258 1887 
53 : . '' 1258 1258 2516 
54 : ; : 1258 1887 3145 
55, • • 629 3774 :4403 
56 . 0 1258 1258 
57: 629 3145 ^ 3774 
58 0 629 629 
59 0 0 0 
60 0 3774 3774 
61 0 1 887 1887 
62 0 1258 1258 
63 1258 1 258 251 6 
64 0 , 3774 3774 
• ' . ^ 165 
..Appendix .2 .6 
Sampling r e s u l t s f o r narch 12tb. 1978. Samplj.ng was 
c a r r i e d out at 50m below tlie on transect 3. The 
ft-rid w^as as f o l l o w s : ^ 6 60 
: . ' : 2 5 . . . 5 9 ^ 
•W ' 4 . . o 5 8 ^ 
w i t h each sampling s i t e 1:metre from adjacent s i t e s . 
As w i t h samples taken on Decemher, 3rd (Appendix'2 .5,.) 
each was d i v i d e d i n t o 2 l a y e r s , (corer same as ths^t 
used on December 3rd) o A l l r e s i i l t s are f o r Ferine 
and are expressed as numbors/m2. 
Sample s i t e 
Upper 
l a y e r 
lower 
l a y e r . T o t a l 
I' 0 629 629 
2 0 0 0 
3 0 0; P 
4 0 1258 1258 
5 0 2516 2516 
6 0 0 ;o 
7 0 0 0 
8 0 629 629 
9 0 1258 1258 
10 0 629 629 
11 0 0 0 
12 629 1887 2516 
13 0 0 0 
14 0 2516 2516 
15 : ; 0 5032 5032 
16 0 0 0 
17 •X\y 0 0 0 
1S . 0 0 0 
19 0 0 0 
20 :r '. 0 . 1887 1887 
21 0 1258 1258 
22 , 6 629 629 
23 0 0 0 
24 ' 629 : 3145 3774 
25 0 1887 1887 
Upper . lower 
Sample s i t e lajrer ,layer Total 
26 ' 0 0 0 
27 0 629 ,: 629 
28 629 : 1258 1887 
29 0^ 1887 1 887 
30 :: 0 251 6 2516 
31 . • ;0 1 258. ^258 
32 .0 0 
33: • 1258 1 258 2516 
34 0 • 0 . 0 
35 0 1258 1258 
3€ 0 3145 3145 
37 0 251 6 2516 
38 0 1887 1887 
39 0 0 \ 0 
40 629 1 887 251 6 
41 629 0 629 
42 0 251 6 251 6 
43 0 251 6 2516 
44 0 629 629 
45 629 6919 7548 
46 0 1 258 1 258 
47 1258 629 1887 
48 629 629 1258 
49 0 1887 1887 
50 0 ' 629 629 
51- 629 1887 2516 
52 629 1 887 2516 
53 629 1 887 2516 
54 , •. 0 0 0 
55 . ;r;,,> 0 1 887 1887 
56 0 2516 2516 
57' 0 1258 1258 
0 ,629 629 
59 0 1258 1258 
60 0 1258 1258 
i-66 
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Append-i'-jc..'; 2 .7 
Sajnplihg''results f o r , I'.'^ .arch 12th 1 978, on tran s e c t 5, 
90 metres below the TMli, The g r i d was as foLlows: 
3:; 600 06O 
2 o'59 
1 4 . . .58 
w i t h each: sampling s i te 1 metre froraaijacent sites_^ 
(diameter of corer being 6.2cm). Results given i n 
numbers/m''-o. , • • 
Site number Terine Bathyporeia Eurydice 
1 0 2317 662 
•2 ' 662 2317 . ,1655 
3 , • 1655 662 2979 
4 662: 662 , 662 
5 0 1986 993 
6 331 993 1655 
7 0 5296 1324 
8 0 ' 993 . 8937 
9 . 662 2648 ,3310 
10 331 993 ,6951 
11 331 3972 3310 
12 0 1324 :. 1986 
13 0 1655 662 
14 0 1655 3641 
15 993 993 993 
16 662 993 1655 
17 0 2317 2648 
18 331 1324 4303 
19 0 3641 1986 
20 0 1655 1324 
21 0 2975 5296 
22 0 662 993 
23 0 1 986 1986 
























































































Appendix 3.1 Movement and s u r v i v a l of SapderllnK at ^ 
Teesmouth 
The h a b i t a t s a v a i l a b l e to foraging and r o o s t i n g 
Sanderling and the i n v e r t e b r a t e prey contained i n these 
h a b i t a t s have now been thoroughly documented. The 
Sanderling's movements are governed by the t i d a l cycle, 
which a l t e r s the a v a i l a b i l i t y of h a b i t a t s , and by the 
d e n s i t i e s of prey at the d i f f e r e n t l o c a t i o n s . The precise: 
f o r a g i n g techniques of Sanderling feeding on Coatham 
Sands, the a l l o c a t i o n of time to the various components 
of f o r a g i n g and the b i r d s ' search paths and success rates 
w i l l be discussed, w i t h reference to environmental and 
s o c i a l f a c t o r s , i n Chapter 4. One environmental f a c t o r 
was the p o s i t i o n of the wave edge, i n r e l a t i o n to the 
for a g i n g i n d i v i d u a l ' s time spent running. A possible 
s o c i a l factor\was i n t e r f e r e n c e during feeding, causing 
p o t e n t i a l overlap o f area-concentrated search, r e s u l t i n g 
i n t he birds',;'moving away from the "group" a f t e r a success. 
The u t i l i z a t i o n of the n o r t h and south sides of the 
estuary, both by b i r d s spending the e n t i r e winter and 
those using i t f o r only a p o r t i o n of the non-breeding 
season (e.g., those Sanderling on passage to the breeding 
grounds) w i l l now be examined.. 
Most of the'analysis of the north-south d i s t r i b u t i o n 
of the b i r d s i s based on counts. Some of the f l u c t u a t i o n 
i n these counts may have been due to inacouracies i n 
counting (such as missing a lar g e number of r o o s t i n g 
i n d i v i d u a l s ) . To insure t h a t these counts represented 
1 7 0 
the situation.as c l o s e l y as pos s i b l e , great care was 
taken to inc l u d e only complete counts, counts r e l a t i v e l y 
f r e e from, dl'^-turbance, counts undertaken during the times 
when the rocks were covered and often when b i r d s were 
about to ijoost. A s i n g l e value f o r any one day was 
fr e q u e n t l y checked by t a k i n g two or three counts w i t h i n 
one 6r two hours of one another. This insured t h a t 
b i r d s were not missed.' Although counts were- not made 
from Saltburn to the end of Goatham Sands each time, 
frequent v i s i t s to the beach south of Redcar Rocks were 
made to in s u r e t h a t b i r d s were not being constantly 
overlooked. 
During the 1978-79 w i n t e r , systematic counting 
of the Sanderling's use of the n o r t h side of the estuary 
was begun. Simultaneous counts o f the no r t h and south 
sides are a v a i l a b l e f o r the e n t i r e 1978-79 season. 
Simultaneous counts were necessary i n determining the 
r e l a t i v e importance of the two sides to the Sanderling. 
Even i f one side was he a v i l y p r e f e r r e d , the other side 
might have helped t o ease the pressure o f , h a b i t a t u t i l i z a -
t i o n on the p r e f e r r e d side. By 1978, enough colour-marked 
Sanderling were present to observe the d i f f e r e n t patterns 
of area preference i n the estuary. Counting continued the 
same on the south side w i t h Nick Davidson and Simon Fraser 
counting the n o r t h during the time around High Water. 
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F i g . 1 shows the highest count f o r each month 
f o r Sanderling on the south side f o r the 1976-77 wi n t e r . 
Figs. 2 and 3 show the number of Sanderling on the 
south side during the 1977-78 winte r . I n F i g . 2 the; 
highest monthly counts are presented, while i n F i g . • 3 
a l l counts, (not j u s t the highest of each m o n t h ) a r e 
presented, w i t h s p r i n g , neap and m i d - t i d a l height^s i n -
d i c a t e d . Some of the anomalies, (presence of g u l l s i n 
1977-78 and the presence of the large wrack beds I n 
1976-77), have already been mentioned and 
c l e a r l y stand out. There was heavy use of the area i n 
August which was due, i n p a r t , to b i r d s on passage^ 
r e t u r n i n g from the breeding grounds, (see Prater & 
Davies 1978);* ;^  The l a r g e increase during March d i d not 
f o l l o w the ejcpi^cted t r e n d , based on the 1976-77 f i g u r e s , 
.but i t will'become clear t h a t increases could occur 
i i n almost -any month of the w i n t e r . The numbers between 
autumn 1977 and s p r i n g 1978,fluctuated between about 
550 and- 700 i n most months. F i g . 3 has been included ~ 
to demonstrate the e r r a t i c f l u c t u a t i o n s t h a t occurred 
i n a s i n g l e year. . ' 
The counts from 1978-79 (simultaneous counts 
of the n o r t h and south sides) are presented i n F i g , 4. 
The t o t a l number of Sanderling using the Tees was d i f -
f i c u l t , to determine, as d a i l y f l u c t u a t i o n s appeared to 
be l a r g e . Evidence from colour-marked i n d i v i d u a l s 
(discussed below) p o i n t s t o both a high degree of 
feeding s i t e f i d e l i t y i n c e r t a i n i n d i v i d u a l s and mixing 
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Figure 1 
Monthly peak counts of Sanderling 
f o r 1976-77. i 
1200 
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Figure; 2 
High Water counts for^ the south side 
1977-78. These counts are the monthly 
highs, regardless of t i d a l height, 
( s p r i n g or-neap). High Water counts 
were made one to two hours before the 
Pligh Water, when most b i r d s were 
feeding on Coathara Sands. 
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Figure 3 
Counts of Sanderling on the south 
side f o r 1977-78. (•) spring t i d e s . 
(•) neap t i d e s , (x) mid-level t i d e s 
and (®) notes the counts during large 
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Figure 4 
Simultaneous counts f o r Sanderling, 
1978-79. (•) t o t a l numbers, (•) 
Sanderling on the south side and 
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of feeding areas i n others. This lessens any idea of a 
s i n g l e cohesive Sanderling population. The occurrence 
of unusual food sources, and the b i r d s ' a b i l i t y to loc a t e 
them, provides evidence t h a t d i f f e r e n t segments of the 
Tees Sanderling are mixing, and t h a t there i s the;possi-
b i l i t y t h a t i n f o r m a t i n i s being t r a n s f e r r e d . Just how 
f a r n o r t h or south along the eastern coast Sanderling 
u t i l i z i n g Teesmouth range i s not a t a l l clear. Rapid 
build-up of numbers, (as seen on 15/I and 21/1, 1977), 
suggest t h a t not a l l b i r d s which use the estuary at any 
one time are'necessarily permanent winter r e s i d e n t s ^ 
( i . e . , t h a t 'they i n h a b i t , only Teesmouth during the 
e n t i r e winter),; I f i n f o r m a t i o n regarding food sources 
,was being, obtained through exploratory f l i g h t s or through 
i n f o r m a t i o n t r a n s f e r at r o o s t i n g centres sXsee V/ard & 
Zahavi 1973), then mixing of the Teesmouth Sanderling 
must have been occurring over considerable distances. 
The l a r g e f l u c t u a t i o n s i n numbers mean t h a t 
t r y i n g to ascribe the number of permanent winter 
residents using the estuary may give a considerable 
underestimation of i t s importance i n pr o v i d i n g s u i t a b l e 
h a b i t a t f o r Sanderling. I t might be the case t h a t 
although the Tees could not support the very l a r g e 
population, (shown by the l a r g e s t of the annual counts), 
throughout the wint e r period, i t s a b i l i t y t o provide 
s u i t a b l e h a b i t a t at c r u c i a l stress periods during the 
b i r d s ' annual cycle might be a more important consider-
a t i o n . 
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During the 1978-79 winter, lower Bathyporeia 
d e n s i t i e s were reported. This may have a f f e c t e d 
the capacity of Teesmouth t o supply Sanderling w i t h 
s u i t a b l e h a b i t a t s during stressed periods. When one 
looks at the numbers of b i r d s using the n o r t h side and 
the poor i n v e r t e b r a t e a v a i l a b i l i t y there, (as determined 
by Andrew Wood, 2H p r o j e c t ) , compared to the south side, 
i t seems u n l i k e l y t h a t a l l Sanderling on the estuary 
could have been where the best, (most p r o f i t a b l e ) , food 
c o n d i t i o n s were. One mechanism f o r determining the 
d i s t r i b u t i o n of Sanderling i n an area may be the behav-
i o u r a l i n t e r a c t i o n s while f o r a g i n g . Behavioural i n t e r a c -
t i o n s may be a ^direct r e s u l t of the changing conditions 
: i n the i n v e r t e b r a t e p r o f i t a b i l i t y . This would make the 
•birds responsive to the c o n s t r a i n t s placed on t h e i r 
f o r a g i n g p o t e n t i a l and a f f e c t group size and number. 
During periods of lowered food sources,crowding 
could be e s p e c i a l l y damaging t o energy i n t a k e . 
How do b i r d s , upon t h e i r ' a r r i v a l i n autumn, 
or on any p a r t i c u l a r day, decide whether they w i l l feed 
on Coatham Sands, south of the estuary, or Seaton Sands, 
n o r t h of, the estuary? Fig.s 5 and 6 show the 
r e l a t i o n s h i p between t o t a l numbers of Sanderling i n the 
estuary and numbers i n the south and north side 
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Figure 5 
Regression showing the relationship 
between t o t a l Sanderling count on 
the estuary and numbers on the south 
side. 
Slope 0.3898 
r , 0.55736 

































Regression showing the r e l a t i o n s h i p 
between t o t a l Sanderling counts on 
the estuary and numbers using the 
n o r t h side. 
Slope 0.68226 
r 0.8098 -
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r e s p e c t i v e l y . S i g n i f i c a n t r e l a t i o n s h i p s between t o t a l 
numbers i n the estuary.and numbers at each side suggest 
t h a t there might be no preference by b i r d s . The r e l a t i o n -
ship f o r the n o r t h ( F i g , 6) i s h i g h l y s i g n i f i c a n t a t 
P<0.001, and shows t h a t when t o t a l numbers are low, 
n o r t h side numbers are very low. The r e l a t i o n s h i p on the 
south side, although also s i g n i f i c a n t at P< 0.01, seems 
les s responsive to t o t a l numbers i n t h a t i t s increase 
i s slo\Yer i n r e l a t i o n to t o t a l number increase than on the 
norh side. This suggests a more constant or stable 
population l e v e l . 
The decline i n Bathyporeia and Eurydice popula-
t i o n s at transect 5, 
betw-een 1977-78 and 1978-79 could have caused the decline 
of Sanderling numbers on the south side between the two 
years. Birds reaching t r a n s e c t ^ one to two hours before 
High Water might not have s a t i s f i e d t h e i r d a i l y energy 
needs, and i f other h a b i t a t s were a v a i l a b l e they could 
take advantage of a d d i t i o n a l resources. Even at High 
Water, Sanderling are able t o feed, (e.g,, on wrack 
beds, n o r t h side, N, Davidson, pers. comra,). Sanderling 
ofte n continued to feed on Coatham Sands over High Water 
on neap t i d e s during the w i n t e r . During the 1977-78 
w i n t e r , Sanderling were seen f l y i n g from the Ducky 
area towards :i;he n o r t h side e i t h e r before going to roost 
or a f t e r the, roost had formed, ( 1 . Goodyer, pers comm.). 
Thus, not a l l Sanderling roosted over the High Water 
per i o d . On January 30th, 1979 at 1500 hours, (Low 
Water plus one hour) , Sanderling feeding at transect 5 .^ 
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were beginning t o f l y t o the pool at the Ducky to bathe 
and preen. About 60 i n d i v i d u a l s were present at the 
ro o s t . By 1520 hours, 160 Sanderling were present. 
(A very high spring t i d e , 6.0ra, accounted f o r the early 
r o o s t . ) At 1 5 2 5 hours, 2 5 Sanderling rose and flew 
from the roost toward Bran Sands, i n the d i r e c t i o n of the 
n o r t h side. These f l i g h t s occasionally accompanied 
Knot f l o c k s , also r e t u r n i n g t o the n o r t h side. These 
observations suggest t h a t some of the b i r d s using the 
n o r t h side might be p a r t l y comprised of i n d i v i d u a l s 
unable to meet t h e i r d a i l y requirements on the south 
side. 
The above observations are not meant to suggest 
t h a t Sanderlinij; only began using the n o r t h side i n the 
1977-78 season. R. T. McAndrew (pers. comm.) reported 
t h a t 4 0 0 or more Sanderling fed r e g u l a r l y on the no r t h 
sdde. A .summary of h i s counts (l975-77)is presented 
i n F i g . 7. Although i n d i v i d u a l b i r d s d i d i n f a c t use 
both sides, pf^ the estuary, the constancy of l o c a t i o n 
i n sightings'Of colour-marked b i r d s suggested a f a i r l y 
s table situ'altion. This does not explain, however, the 
: e r r a t i c f l u c t u a t l ons i n numbers using the south side. 
There may have been a t r a n s i t o r y segment of the Tees-
mouth b i r d s , (perhaps those not using the estuary every-
day and thus i n c l u d i n g few of the colout"-marked i n d i v i d -
u a l s ) , and other segments which were consitent i n t h e i r 
choice of sides. 
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Pigur'e^' ;7 
High counts of Sanderling using 
d i f f e r e n t areas of Teesraouth's 


















The areas used by Sanderling on the n o r t h side 
are shown i n F i g , 8. Some i n v e r t e b r a t e data are a v a i l -
able f o r the n o r t h side, at Seaton Sands,(Andrew Wood, 
2H p r o j e c t ) . The data were c o l l e c t e d to determine poten-
t i a l prey f o r Sanderling feeding a t Seaton Sands and as 
a comparison w i t h prey found on Coatham Sands. Sampling 
at Seaton Sands showed extremely low d e n s i t i e s of the 
three most important i n v e r t e b r a t e species: Nerine. 
Bathyporeia and Eurydice. There was no clear dominance 
of Nerine i n the c o n t r i b u t i o n to the o v e r a l l i n v e r t e b r a t e 
populations. The r e s u l t s were s u r p r i s i n g as t h i s area 
held the highest numbers of Sanderling on the n o r t h 
'side, often w i t h over 300 b i r d s . Of the 27 counts from 
October 5th toiMay 9 t h , Seaton Sands held over 50% of 
the Sanderlihg counted on 15 of the counts. The i n v e r -
tebrate data suggest t h a t the Sanderling should indeed 
have a c t i v e l y selected the south side f o r feeding i n 
1978-79. Sampling on Coatham Sands was c a r r i e d out on 
15/5, 21/5, 28/5, 4/6 and 11/6 1979 (Andrew Wood). The 
r e s u l t s found on the south side were s t r i k i n g l y s i m i l a r 
t o e a r l i e r sampling, Nerine being the most important 
prqy, o c c u r r i n g i n i t s greatest d e n s i t i e s at transect 2, 
i n the zone between 50m and 70m below the HWM. However, 
Bathyporeia and Eurydice were more evenly d i s t r i b u t e d 
along Coatham Sands, than i n previous samplings. 
Pig. 9 shows the f i d e l i t y to the n o r t h and 
south sides f o r colour-marked Sanderling present i n 
1978-79. These r e s u l t s are summarized i n Table 1. 
Seven b i r d s ringed on the south side spent the m a j o r i t y 
o f t h e i r time on the n o r t h side. The b i r d s ringed on 
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Figure '. 8 
Location of areas used by Sanderling 
on the n o r t h side of the r i v e r Tees. 
CM 
1 9 3 
Figure. 9 
S i t e f i d e l i t y f o r ringed Sanderling. 
Ringing date and side on which b i r d 
was ringed are given. A l l s i g h t i n g s 
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TABLE 1 
Golour-rin/;::ed. Sanderljr.f'; pn:'enent at Teesmonth durin^ 
1 978-79 ^rintev' ( t o t a l 45 T)irds ) o ~~~ ~~ ~ 
Bnrds ranged or tlie s oi:ith Ride (24), 
Seen only on Seen only on ' Seen cried on 
nouth side n o r t h side , north'side • 
10 4 ^ . • 6. ' 
•Seen nore'jtfedri 
price on, riorth-: 
Birds ringed on the n o r t h side (21 )o a ^ .. ' : ' 
Seen only on Seen only on Seen once on--; Seen nioar^ e than 
n o r t h side • :so-uth side south'side a?honce on' so-uth 
i 9 3 
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1 7 / 1 1 / 1 9 7 8 ( n o r t h ) were extremely i n s t r u c t i v e as very 
few south-sightings of them were made. Most south-ringed 
b i r d s remained f a i t h f u l to the side they were ringed on. 
Various types of movements occurred. Three south-ringed 
b i r d s switched sides, one i n earl y November and two i n 
mid-February. A l l n o r t h - r i n g e d b i r d s which made t h e i r 
f i r s t appearance (upon t h e i r r e t u r n to the estuary i n 
autumn) on the n o r t h side remained f a i t h f u l to the n o r t h . 
Four north-r i n g e d b i r d s made t h e i r f i r s t autumn appearance 
on the south;^side, one never being reported on the n o r t h 
and three swi'^cjhirig back to the north side and remaining 
I f ^ i t h f u l ' a f t e r ' t h a t . For. some birds,, 'either one or -
•several v i s i t s were made to the other side, mainly i n 
l a t e January, February and i n March ( o f t e n a t t r i b u t a b l e " -
to- the presence of wrack beds). 
On three occasions a single b i r d was sighted 
on both sides of the estuary on the same day (Table 2 ) . 
On 2 4 / 1 / 1 9 7 9 three counts were made on the south side: ; 
at 1110 hours (LW plus f i v e hours) there,were 3 4 2 
Sanderlirig, at 1300 hours (HVrplus one hour) there 
were 321 Sanderling arid a t 1415 hours (HW; plus two hours) 
there were 199 Sanderling. M u l t i p l e counts on the same 
day on the n o r t h side showed an increase of b i r d s at 
these times. This was another suggestion t h a t b i r d s 
used the n o r t h side when High Water had covered the 
feeding areas on the south side. 
I n a d d i t i o n a to s i t e f i d e l i t y , associations 
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separate segments might have existed a t Teesmouth. 
Mixing, however, d i d occur throughout the year. For 
b i r d s which used the same h a b i t a t c o n s i s t e n t l y , (such 
as those on Redcar Rocks), t h e i r associations w i t h 
others doing the same could have been c o i n c i d e n t a l . 
However, not only were Sanderling seen feeding together 
a t Redcar Rocks, they were also reported together a t 
various areas along Coatham Sands. I n the case of 
W/0 G, L/Y Y, YW and R/W Y, no n o r t h s i d e ; s i g h t i n g s were 
made from the time of t h e i r capture up t o , and 
i n c l u d i n g , the 1979-80 season, (123 t o t a l s i g h t i n g s ) . 
The areas they foraged i n became very p r e d i c t a b l e , showing 
the t y p i c a l movement of Sanderling as described. 
Table 3 shows the return and departure 
dates f o r the colour-marked i n d i v i d u a l s . The data are 
summarized i n Table 4, which shows the minimum sur-
v i v a l of the marked i n d i v i d u a l s . Sanderling are 
•highly f a i t h f u l , a t some time durin.g each w i n t e r , 
t o Teesmouth, ::,paution must be exercised, however, i n 
Vusing these dates and s i g h t i n g s f o r determining s u r v i v a l 
•iand turnover of the popu l a t i o n . As i n the case of BB 
arid RL, (and the absence of RL i n 1977-78), could have 
been taken f o r m o r t a l i t y , whereas they could have 
e i t h e r used Teesmouth only, occasionally and not have been 
seen, or wintered at another estuary. A check of Table 
4 w i l l show much lower s u r v i v a l rates a f t e r the hard 
w i n t e r of 1978-79. I n t h i s year Bathyporeia d e n s i t i e s 
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TABLE 4 
S a T r ^ ' j r c t o s • o f co lor^r~v;- ,A' ' cel. Sai^derl^rp;. ppor 
:''cr (i:.\c]'\ Cx'J:e ';j".''es cvxv^yrl. o f hirds soer i l . G ye.::.:: y':c^ or; 
lo ' : : ' ) r f d{jx"ro >; iv 'Ga s i - r v f v c l o f ori.c'^.ncl mx-A)Oj? c" j - i r v ' o f 
])irciB f o r t h a t f a t o o ^ A l l f i / ^v . ros i r porcortc. ; :o 
jJato r r ^ eecl la-rJjer rinft-Gd.. 1975-76 1976-77 1977-7r 1S70-79 
i to to to t o 
\ ' 1976-77 , 1977-7C 1^76-79 I f T r-^C 
5 o 1976 5 1C0 ^  90 100 7-
r eo CO• :c . 
1 1 .1 976 21 95.2 ^ 0 " 65.7 
C-- 9 • / ; . / : • i , ^ i j 
1 .1977 "-^  
and - 10 fO 7" ' '6.7 
2.1f:'77 ' . 
5.1977 6 93.!; 
n . 
<• J • J 
2.1^70 





This may have been a s t r e s s period f o r the Sanderling. 
Teesmouth may play an important r o l l f o r b i r d s 
on passage, both northward i n the spring and southward i n 
the autumn. An a d u l t b i r d , presumably on i t s r e t u r n 
from breeding and r i n g e d on the Waddenzee on 9/8/75, 
was ne t t e d on Coatham Sands on 22/5/78, Several controls 
have been n e t t e d on the Tees, many from the Wash. An 
i n d i v i d u a l r i n g e d on the Wash on 15/9/77 was caught on, 
North Gare Sands (Teesmouth) on 9/2/78. The. b i r d had 
presumably migrated south to the Wash and had then come 
n o r t h to the Tees f o r the winter. One c o n t r o l l e d b i r d 
was caught f o r the f i r s t time on the Wash i n 1970 and 
again i n 1971-72-73 and 1974. I t was caught on the 
Tees on 23/11/76. These observations suggest t h a t 
movement between estuaries does e x i s t , although the 
mechanism or pressures l e a d i n g t o the movements are hot 
at a l l c l e a r . ! 
Population turnover and the number of b i r d s 
which use the Tees on passage are d i f f i c u l t to assess-
mainly due t o the mixing of i n d i v i d u a l s on the n o r t h and 
south sides. In 1977 and 1978, a large f l o c k of c. 800 
Sanderling spent the months of August and September on 
Coatham Sands moulting t h e i r f l i g h t feathers (L. Goodyer, 
pers, comm.):. 178 b i r d s from the f l o c k were caught and 
ri n g e d i n September 1977. Of these 178 b i r d s , 25 were 
i i e t t e d at Teesmouth e i t h e r before or a f t e r t h i s date 
(Table 5: .) •' TwO: of the b i r d s were found dead (31/5/78 
and 21/1/79). These data show how d i f f i c u l t i t i s to 
208 
TABLE 5 • -
Number of SanderllnA'ffrom the 1 .9.1977 catch which were 
ne t t e d i n preylous or subsequent catches'.* 
Date of catch Area; from 1.9.1977 catch 
23.11.76 • Coatham Sands 2 
30.1^.76 Coatham Sands 3 
5.2.77 Ooatham Sands ' 1 • 
25.3.77 Redcar Rocks 1 
18.5.77 North Gare 
9.2.78 North Qare 2*** .' 
24.4.78 North Crare 
22.5.78 Coatham Sands 2 [ f 
24.11.78 Seaton Sands 
8.3.79 Seaton Sands 
6.9.79 Coatham Sands ' ^ p ' ; 
5.10.79 Coatham Sands 1 • 
Eour i n d i v i d u a l s were c o n t r o l l e d twice. In a d d i t i o n , 
two b i r d s ; from the 1.9.77 catch were found dead on^ the 
Tees, (31 .5 .78 and 2 1 . 1 . 7 9 ) . The 1/9/77 catch was on 
the south side, 
^•^Caught on the n o r t h side p r i o r to the 1/9/77 catch. 
***North side. 
209 
determine numbers of passage b i r d s unless very accurate 
counts can be c o n s i s t e n t l y obtained, as i t i s not clear 
which b i r d s counted on passage use Teesmouth a l l w i n t e r , 
and which i n d i v i d u a l s move on. 
2 1 0 
Appendix 4 . 1 
Example of data taken from f i l m sequence Sequence; 
8 , see App endix 4 . 4 . A,:J.:1 r 0ferences to frame number 
B i l l 
I n Cut rnoUiod Prey • riandlin.'-j; t im 
1 6 probe Kerine 2 frames ': 
12 27 s t i t c h Kerine 2 frames 
46 55 probe Nerine 1 f r am e 
57 70 s t i tch .Her i n e 1 frame 
72 75 probe? Herine 1 frame 
77 107 probe Pathy., 9 frame s 
122 156 probe , f a i l . 
177 203 probe f a i l 
220 246 probe Kerine 2 frames 
268 .283 probe f a i l 
284. 301 :- probe Kerine 11 frames 
306 333 HI: ':,, s t i t c h fa.il 
336: :354jn V s t i t c h f a i l 
355^ : 5 7 6 : / ' ' s t i t c h :Herine 2 frames 
.384 397^ : probe .Merino 2 frames 
399 4 1 6 s t i t c h Nerine 2 frames 
422 ' 444 s t i t c h f a l 1 
:Rach frame i n .v/Fclch a pace occurred. 
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Appondix 4.1 cent. 
P o s i t i o n and v i s u a l o r i e n t a t i o n (degrees) of Sanderling 
i n sequjenc^e 8. See t e x t f o r explanation of v i s u a l 
o r i e n t a t i o n . ' = 
J'Taxne. number . Po s i t i o n Visual o r i e n t a t i o n 
1 • V/et sand 70 : ' : 
31 ' 65 . , 
46 • 75 ' 
70 85 
120 Sh<allow water 80 
158 50 
160. 40 
169 0 ^ 
180 65 ' ' : , i ^ 
240 40 ' a 
280 80 • , • , : 
417 .120 
435 155 
444 185 : 
452 230 
470 245 
549^ . 240 




584 ' ; 250 
'589 . \ , 9; 185 
503 ' ' ^ ' i ' - 160 
629 p a l ' 270 
634 :^'f^ 190 
i640 125 
100 
I. , • f • 
f 212 
/ippendix ^.2 ' ... 
Analysis of Sanderllnp;: behaviour 
I n order to evaluate the behavioural patterns 
recorded on the f i l m i t was necessary to break the 
i n f o r m a t i o n down i n t o the smallest time i n t e r v a l s and 
i n t o u n i t s of a c t i o n which can best be termed as 
"behavioural p r i m i t i v e s ' ' . This generates a larg e 
amount of data, as the smallest time i n t e r v a l i s 
e i t h e r 1 /16 or 1/24 of a second, determined by the 
. f i l m speed.' .Moreover, the p r i m i t i v e s can be such 
. characteriU^tii'Ps as i n d i v i d u a l paces, v i s u a l o r i e n t a t i o n , 
pr(5y handling, surface pecks, etc. The combination 
and order'.p/f.occurrence of behaviour: p r i m i t i v e s c o n s t i -
t u t e the o v e r a l l behaviour p a t t e r n of a b i r d . I t 
was necessary w i t h t h i s , amount a.nd complexity of data • 
t o use computer techniques f o r e f f e c t i v e analysis; 
these and t h e i r developmeni; v / i l l nov/ be described. 
. The n.at;u.re of the t o p i c and, the desire to 
evaluate the c h a r a c t e r i s t i c s of a l l behavioural . 
responses :in optimal' feedings s t r a t e g i e s made appropriate, 
and alm'ost e s s e n t i a l , the use of graphical display as 
• . ,•• • • ,, j • 
a 'data-exploration', t o o l . Foraging strategy of 
waders cannot be simply evaluated as many parameters 
w i l l a f f e c t the way i n which the behavioural p r i m i t i v e s 
w i l l occur, such as the s t a t e of the t i d e , p r o x i m i t y 
of other b i r d s , or degree of sand s a t u r a t i o n . , Thus, 
i n attempting to understand and explain the processes, ; 
an o v e r a l l perspective must compliment any in-depth 
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; studie's of i n d i v i d u a l feeding attempts. This was 
aphieved. by performing two modes of p a r a l l e l analysis 
and data explorati.on,. Thi.s f i r s t mode was an enquiry 
i n t o the o v e r a l l mov'ement patt e r n and the r e l a t i v e 
occurrences of c h a r a c t e r i s t i c oventwS, , (e.g., prey 
capture). The method of representing'this^ data was 
to d i s p l ay the movements of a graphics t e r m i n a l 
(Tektronics 4013) as a series of vectors whose direc-' 
t i o n and l e n g t h v/ere determlried b^ ' the recorded v i s u a l 
o r i e n t a t i o n on the one hand, and occurrence of paces 
on the other. This gave a b i r d ' s eye view (1)• of beach 
movement and an immediate; i r i d i c a t i o n of any commonly 
occurring j j a t t c r n s . Onto these simple vector :images 
were superimposed the l o c a t i o n : and c h a r a c t e r i s t i c s ofi 
the feeding attempts. Symbols were added representing 
a sub-set of the behavioural p r i m i t i v e s , : i n d i c a t i n g 
searching and prey capture or f a i l u r e . A p i c t u r e of 
movement and r e l a t i v e feeding p o s i t i o n s was thus simply 
created. Any p a r t i c u l a r f i l m or section of i n t e r e s t 
was reproduced on a hard .copy graph p l o t t e r (Hewlett 
Packard HP7221). This form.of data exploration proved 
to be very valuable and .has l e d to f u r t h e r study, 
again t a k i n g advantage of i n t e r a c t i v e graphical f a c i l -
' i t i e s which w i l l be discussed at somo f u t u r e date. 
The t e c h n i c a l d e t a i l s of the computing proceedures 
arenas foli^ows: the data.were entered i n t o the com-
:puter i n a sparse matrix form using a "key to disc" 
system (MPS), which produced 25 single density floppy 
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discs of i n f o r m a t i o n . These were t r a n s f e r r e d intci 
permanent disc . f i l e s under the Michaigan Terminal 
Operating;System.(MTS) on .the IBM370/168, which i s the 
mainframe: a t the- core of the i'lUMAG org a n i s a t i o n . 
(NUMAC: Northumbrian U n i v e r s i t i e s M u l t i p l e Access 
Computer, a cooperative of .Durham and Newcastle 
U n i v e r s i t i e s and Newcastle Polytechnic.) Data manip- ; . 
u l a t i o n prograiriraes were w r i t t e n i n the KTS 'dialect of 
FORTRAN, as were the graphical'programmes whidh used 
the GHOST and IG- ( l ) graphical subroutine l i b r a r i e s . ' i 
The p a r a l l e l stage of a.nalysis was ,to evaluate the , .' 
c h a r a c t e r i s t i c s of each feeding attempts • The p r i m i t i v e s 
were processed to e x t r a c t summary information f o r each 
feeding attempt to give such d e t a i l s aS;' number of 
paces w h i l s t searching and handling, changes in,! v i s u a l . 
o r i e n t a t i o n , l e n g t h of search, etc. A matrix of cases 
(feeding'attempts) and v a r i a b l e s . ( f e e d i n g c h a r a c t e r i s t i c s ) 
was^  created i n t h i s manner, al l o w i n g input into'any 
standard s t a t i s t i c a l ana'lysis package. I n t h i s instance 
the choice of an i n t e r a c t i v e package system, MIDAS, 
was made to allow f l e x i b i l i t y i n data e x p l o r a t i o n . 
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Appendix 4.5... :' p 
.Description of data takc'n from tapeti observat.loi 
Symbols: ;, p ' ^ 
• :p- probe attempt. • , 
at- s t i t c h o.ttempt ' , , • 
wc- watei' column attempt. . . . 
P- Pause p o s i t i o n 
B- Eathyporeia • ; • o 
N- N erine 
-> b i r d runs r i g h t , 90°, p a r a l l e l to the waves 
4> 
b i r d runs l e f t , 270°, p a r a l l e l t o the waves.: 
b i r d runs away from the waves, 180° 
b i r d runs towards the v/aves, 0° 
The above degrees r e f e r to the v i s u a l c'rientation 
of the foraging b i r d . See t e x t f o r explanation 
of v i s u a l o r i e n t a t i o n . 
Sanderling, when coming i n close contact w i t h 
subject b i r d , r e f e r s t o i n d i v i d u a l s which are 
w i t h i n two body lengths. 
• r • • .^216 
:P p p p p -» p;;p - ^ p p.p. p p P 1 > p p 
P p p t: P p P p s t ; (edge): s t p T ;(edge) p p 
p • R ' p > - P p ^ P .p ;p p P p p(E) P p P p 
P p P p P '; p p p p Pf p P p ^ (above t i d e ) 
p(3) p ;p p p p s t f s t st s t ( i n the t i d e ) p 
st p P P p:/ p P ' p P p .P.i.' p P' p P p' P 
p R p 'P p P p- P .p'^ P p P p ^P.-* p p P 
p f: R p P p P p p p : p R . p p(N). ,P p t (edge) 
(dry sand) (wet sand) .p(K) p p ( i n the, tide)''p(N) :p; 
st —* st st st(N) P ( K ) 4^  P ( N ) s t P(N) st 
R P ( N ) P P P P P p ' P(N) ^ >!/ H»„P p 
p p(N) p p P(N) P(N)' P ~> • P P • P P [ I 
P P P P ^ P(N) <^ p , P P P' P P (edge:): 
P P P P P P P P p - f - R ;R p p . 
p R p (edge) p(N) p (wing s t r e t c h ) <- p t P; st^ ^  
(edge) st s t s t (above t i d e ) R ' p p p R ' p —>.: 
R R p • p. st p <r- 4' ( r i p p l e s ) p p p . 4. st t st .; 
t st t —^ (out of view) 




Low Water + 4 hours. 
Alongshore running- 0.8 minutes. 
Up-and-down-beach tunning- 0,5 minutes. 
Prey captures, 12 Nerine and 4 Bathyporeia. 
Single bird'.;:;'. • ' 
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<- t s t p(B) I St St st <- st (edge) st ^  ( l - s ) 
P P, P(K) P P(N) . st p ^- p (waves) p ^  p p p 
(edge) p,,t p ,p ^(edge) p 4' (waves) p p p. p(K) p 
p J. p ( r i p p l e s ) p .  st st st <^ st st(M) p(K) 
. p P(N) p. •P t P . P t p(h) p st st (above wave) p 
• P- P P :('.ed/5.e) p s t s t p p (edge) -J- st p 
: t p st::t::p-» P ( N ) 'p(^i) P ' J ' P . P P P ' I ' P P 
(edge), p, ,!,' p p : p p(N) p p P P P s t <^ s t 
't (above t i d e ) —> st t . ,(edge) ;^  p p p- p i' 
p • s t —* s t s t p st -r=» 4- p p p p ( r i p p l e s ) p 
p : s t s t f s t s t <^ t (edge) p ^ :p(K) wc(B) 
P P P P(N) , P P s t s t t .p (Preen) st <«--
(edge) (2-s) „ st :.fet s t '-^  s t ,st 4' p(N) p p p 
p(?f) ;p(N) ,st ' p(lO .:^ ,t p P . (edge) p 4. p p s t 
( r i p p l e s ) p s t ,st s,t s t <- . st st, s't ^ . (edge) 
4^  X'kany b i r d s overhead, .Subject bird, takes f l i g h t and 
j o i n s b i r d s overhead)............ . 




l i i g h Water 4 hours. 
Alongshore running- 0.42 minutes. 
Up-and-down-beach running- 0.8cS minutes. • 
Prey captures, 16 I^ierine and 2 Eat'hyporela. 
Group s i z e - 3 Sanderling. ' 
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Appendix 4 .4 . , 
Data on i n d i v i d u a l cine sequences f o r "foraging Sanderling. 
ilxplanation of l i s t e d categories: 
Area- RB- Redcar Beach 
T - i d e n t i f i e s the transect and i t s number 
Time- the le n g t h of. the given sequence 
Tide- the s t a t e of the t i d e - H- High Water 
, ,  ; • L- Low Mater 
. Success-,;,..,t,i(iis i s '.the number of prey (Nerine and 
', :Bathypoi'dla^ combined^ taken per minute, regardless 
; 0 f the.:n4ifil5er,:of ,prey; attmepts. 
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Appendix 3.1 ' 
Survival rates of Turnstone at Teesmouth 
A summary of the Turnstone survival rates i s 
given in Table 1., This can serve only as an; approximation 
of survival and w i l l be an underestimate, as birds may 
have returned to other estuaries. In Table 2 a l l return 
and departure information o f ' t h e colour-marked birds i s 
given. I t can be seen from Table 2 that ov several ' 
occasions, birds were not seen f o r an ent i re year, being 
recorded the fo l l owing year, or a subsequent year. This 
may have been due to missing a b i r d (not observing the 
area of that pa r t i cu l a r i n d i v i d u a l ) , the b i r d usi,ng an 
al ternate coastal area, or i t being a passage b i r t i and 
tkus at the Tees f o r a r e l a t i v e l y short period. Birds 
may have also changed estuaries on a permanent basis; such 
as R/Y 0 which was absent a f t e r 27/3/1978, but reported 
in Liverpool on 9/4/1978. 
i • !' 
•„ ..^  : - 2 2 3 
TABLE . 1 ' mx : " ' ' , . 
iBosses of marked Turnstone. 
3 4 Ringed: durinp; winter of 1 9 7 5 / 7 6 • 
Losses between, No. l o s t No. died at Tees No. l e f t 
15/16 - 7 6 / 7 7 ,1 1 5 3 9 7 . 1 % 
: 7 6 / 7 7 - 7 7 / 7 8 : ; 5 1 2 8 8 2 . 4 % 
7 7 / 7 8 _ 7 8 / 7 9 1 4 0 2 4 7 0 . 6 % 
4 8 Ringed during winter of 1 9 7 6 / 7 7 
Losses;between: / No. l o s t No. died at Tees No. l e f t 
• 7 6 / 7 7 - 7 7 / 7 8 ' :' '5 : : ! 0 , 43 8 9 . 6 % 
' 7 7 / 7 8 - 7 8 / 7 9 : 7 : 1 , 3 6 7 5 . 0 % 
8 Ringed during winter of 1 9 7 7 / 7 8 ; ; 
Losses between No. l o s t No. died at Tees N o . ' l e f t 
7 7 / 7 8 - 7 8 / 7 9 2 1 : 6 ,15:.Q% 
* Percentages r e f e r to year-to-year su rv iva l . 
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.TABLE ,2. 
j j inging data, f i r s t s ight ing and l a s t s ight ing 
igdi? each winter of colour-marked Turnstone. 
Birds ringeci 1 4 / 1 1 / 1 9 7 5 
1 9 7 6 - 7 7 1 9 7 . 7 - 7 8 
¥/Y B Nov. A p r i l . ' Sep. March 
W/Y R : Oct. Feb. Oct. A p r i l 
W'G' Jan. March ! Oct. only 
W O, Nov. M^rch / Sep. A p r i l 
WW Oct. , Fe^ b. ' Nov. Jan. 
W L .1 , Dead ' 1 7 / 1 / 1 9 7 6 
W R i jOct. • i \ May : 'Oct.. A p r i l 
W B ; • Oct. Dead 1 8 / 3 / 1 9 7 7 i 
W Y : Oct. A p r i l . jSep.: May • 
Y Y ^  Oct. March : 
Y 0 Nov. May Oct. A p r i l 
Y R Oct. May Sep. Feb. 
Y L Oct. A p r i l Sep. A p r i l 
Y G Oct, A p r i l Sep. A p r i l 
Y B Oct. A p r i l Sep. March 
0 0 Oct. Jan. 
0 R Nov. March 
0 G Oct. Dec. Jan. Feb. 
0 L Oct. March Aug. A p r i l 
0 B Oct. March Sep. April,: 
R R Nov. March . . . . . . . 
R G Oct. March 
R L Oct. May Sep. A p r i l 
R B Oct. Nov. A p r i l only 
G G 
G L Dec. Jan., 
G B Oct. May Nov. A p r i l 
L L Oct. May Oct. only 
1 9 7 8 - 7 9 
Oct. only 
March-Oct. 
Apr i l -Ge t . 
• V Subsequent 
report 
March only 
A p r i l only 
. . . . Subsequent 
report 
Feb.-Dec. 





A p r i l - O c t . 
Feb.-Oct. 
. . Subsequent 





Birds ringed 14/11/1975 cont. 
L B Oct. April 
B B Dec. only 
Y W Oct. Jan. 
0 Y Dec. only 
















J an. Feb. 
Nov. Jan. 
Nov. only 
. . . . Subsequent 
report 
Dec. April 
; 1:977-78; 1978 -79 
L R Sep. April Nov, Feb. 
L 0 Oct. Apri l . April only 
L G- March April , . . . Subsequent report 
0 w Aug. April ; Oct, only 
G W Dead 7/10/1977 
G R Oct. March • Nov, March 
GO Sep., Dec. , . . . 
G Y: y i Jan. March ' Nov, Jan, 
R Y ; ' Oct. Dec. Oct, only , 
R w ^ Oct. March ! Oct, Dec. 
R 0^  Oct. only: •, • , . . Subsequent report 
B W Aug. only Nov, Jan. 
B G Jan • April Jan, Peb. 
B 0 Oct. March Jan. Pefc. 
B R Oct. April Nov, March 
Y /0 0 Oct, May Nov, Jan. 
Y/W W Oct. April Oct, ' Nov, \ 
Y /R W Sep. ^ March Nov, April 
Y / L W • • • • , , , Subsequent report 
Y /1 G Oct. Peb, Jan, March 
Y /0 L Oct. March . Subsequent report 
Y /R R • • • • . Subsequent report. 
Y /0 R Oct. May Oct. March 
Y /0 W Sep. May Oct, March 
Y / L Y Nov, only Jan. only 
TABLE 2 « . •• 
Birds ringed 2 3 / 1 1 / 1 9 7 6 
1 9 7 7 - 7 8 ^ 
Y / G Y . . . . . . . 
Y / B Y Oet:, March 
L/O 0 iV^'.... 
L / Y Y Sept' A p r i l 
• L/W. Y r 061;. ' A p r i l ' 
' L/O Y • , Oct. March 
L/O w • : 
L/W G . . . . [ 
L/B G ' Oct. only 
L / B ; L Oct. Eeb. 
L / R : W ' Oct. A p r i l 
; R/W L . , 
' Birds ringed 9 / 1 2 / 1 9 7 6 
; 1 9 7 7 - 7 8 : 
Y / G L I^ov. A p r i l 
Y / G W : ; 5Eeb, only 
R/Y L- Oct. March 
Birds ringed 5 / 2 / 1 9 7 7 
1 9 7 7 - 7 8 
L/R Y 
L/R L Oct. May 
Y / W Y Sep. Feb. 
Y/R Y Sep. A p r i l 
R/G B Oct. Nov. 
R I^/Y March ^ P ^ i l 
G/W Y Sep. A p r i l 
Birds ringed 5 / 5 / 1 9 7 7 
1 9 7 7 - 7 8 
R/Y 0 Reported i n Liv 
E/Y B A p r i l only 
W / G L 
W / Y G Eeb, only 
W / G 0 March only 
V//L L Sep. Jan. 
W/B Y Oct. only 
2 2 6 
cont. 




,; Jan. ; peb. 
; ^ 1 9 7 8 - 7 9 ' 
. . . . . . . Subsequent report 
. . . . . . . Deo. only 
: Jan. only ! • , , 
: 1 9 7 8 - 7 9 . 
Jan. A p r i l 
Nov. A p r i l ; • 
Nov. March 
Oct. Peb. ' 
Subsequent report • ' 
Subsequent report ' 
1 9 7 8 - 7 9 ; ' ; 
erpool March/April 1978 and April 1980 




Jan. A p r i l 
Bircts r inged 5/5/1977 cont. • V ' 
1977-78 •1978-79 / r . 
W/O B March only . . . . . . . Subsequent•report 
L / G G Oct. only 
L / G 0 . . . . . . . . . . . . . . . 
L / G B Oct. only . . . . . . . . . 
L / Y R A p r i l . . . . . . . Subsequent report 
L / Y 0 March only 
L / Y L Dec. March Nov. Jan. 
L / W R March only . . . . . . . . 
L / W G- , . . . . . . . • • ' 
L / W 0 Oct, Jan. ' . Subsequent report 
L / W B Feb^ March ? \ y \ 
L / Y B Oct only Feb. only ' 
L / Y W Oct. only ' j : 
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Use of the Tees by colour-marked Turnstone 
The use of the Tees by colour-marked Turnstone ' 
f o r the winter of 1977-78 i s shown in F i g . T. Most cc^lour- ^ 
marked birds used Teesmouth throughout the ent i re wintfer ' 
period. Other ind iv idua ls appeared to ^Se Teesmouth, as 
migrants on passage i n autumn as wel l as in spring. 
Refer r ing to-Table'2-Appendix 5 . 1 , i t can be seep that 
R B and L L are two such examples. For L ' L , the! b i r d 
was seen on the Tees in October 1976, May: 1977, October 
1977 and May 1979. R Bwas seen i n October and November 
of 1976 and A p r i l of 1978. I t i s ins t ruc t ive to look 
at the catch of 20,birds on 5/5/1977 (Table 2, Appendix 
5 .1) . May was a timb of departure fo r many o f the 
resident Turnstone. I t was also a time of passage, 
presumable of .birds coming from fur ther south. There 
:,was. a very high percentage of juveniles i n th i s pa r t i cu la r 
' catch ( 7 i o f . 2 0 ) . The f a t e of these 20 birds i s shown 
ix^ Table l . I t i s apparent that these birds did not 
form part of the resident Turnstone population. I t i s 
possible that they may hav,e formed a cohesive population 
of t he i r ov^ n ( i . e . , they may have originated; from the 
s^ame evStuary, and mayl;i.ave boon migrating as a group). 
I t i s i n t e re s t ing to note that three birds of t h i s 5/5/1977 
catch were ;seen i n the sa,me,:?irea at iJoutJi Gare on October 
18th 1977> presumably ., on t he i r return. fiTom the i r breeding ' ' 
grounds in the nor th . ; For L / Y W and w/B . Y , they were 
2 2 9 : 
sighted only on the 18th that entire winter . • L / Y B v/as 
seen on October 18th and on the 20th but not l a t e r in 
the season. On 20/10/ 1977 three of these' twenty birds 
were seen feeding together at South Gare Sands ( V / / Y G,l ' 
L / G G and L / Y B ) . Mid to l a t e October was an important 
return time f o r many of the resident Turhstone. , : in 
1977 16 colour-marked bi rds made the i r f i r s t appearance 
on October 18th (a t South Gare). An addi t ional .eight 
b i rds made t h e i r f i r s t appearance on the 20th of October. 
Several of these birds appeared f o r the f i r s t time and 
together i n mid to l a t e October i n 1978 as w e l l . Some 
of these bi rds had been colour-marked in the same catch 
i n 1975. 
On the Wash, the average counts of Turnstone 
(1970-1974)HW6re highest In September (780) tapperlng 
rapid ly In OAtobcr and November (560 and 420 respect ively) 
(Branson I e t i a l . 1979). Following a l o w in December, 
• ' the numbei"s: remain • constant u n t i l a s l i gh t Increase and 
second peak i.n March and yAprll (530 and 510 respectively^:)'. 
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Figure 1. 
The us'e of the south side habitats by 
:C;p,lour-marked Turnstone f o r the 1977-78 
wlntei*.. :b:ac:h 'dot represents a single ' 
s i gh t ing . . s^ -fe Table 2 o f Appendla; 5. T 
f o r r i ng ing data, 'departure,and return • 





g o 3= x . i j g g o ' - ^ ^ ^ ^ ^ ' m ^ g o O g mo O C5 3 : , O g 
O 3e CQ 
\ \ \ \ -





I I I [ I I I I I I I I 
J> * ^ ^ p » _^ o » 3 ,3 5 d g o X , K J >: a - .r. r. J 
O -
0 0 -
l l f 
$' 











. •. ^ :' '. • ' . '• . ' ' . ' . ^34. 
TABLE 1 : ^ : : ; • ''i 
Pate of the 20 Turnst,one colour-marked on ^Ib/lli. 
R / Y 0 Adult Reported i n Liverpool i n the f a l l . ; ; ' !' 
R/Y B Adult Seen A p r i l 1978 arid 1979.: • • ' •: ' ; 
W / G L Adult Seen November ,1978, January 19,79. , 1 ^ ; 
W / Y G Juvenile Seen February:; 1978. : ^ ^ :„ 
W / G 0 Juvenile Seen March 1978. ' ] : , : ' 
W/L L Juvenile Seen September 1977, January' 1 ^ '78, • 
October 1978 and February 1979,1: 
W / B Y Juvenile Seen October 1977 and January and A p r i l 1979. 
W/0 B Adult Seen March 1977. 
L / G G Adult Seen October 1977. 
L / G 0 Juvenile Not seen again, 
L / G B Adult Seen October ,1977. 
•.L/Y R Adul't Seen A p r i l 1978. 
L / Y 0 Juvenile Seen March 1978. . 
..''•:>^ ' '' \uM' 
L/Y L Adult, , Seen December 1977, March 1978, November 
' l978 and January 1979. 
L / W R Adult'. Seen March 1978. 
L/W G Adul t ' Not seen again. .' 
L/W 0 Adult , Seen Oct;Ober 1977 and January 1978. 
L / W B 'Juvenile Seen Fehruary and March 1979. 
L / Y : B Adult Seen October 1977 and February 1979. 
L / Y W Aault Seen October 1977. 
3 birdS; ndt seen ;again on the Tees. 




Sigh t i n g s f b r Y/Q R during the 1976-77 and 
1977-78 w i n t e r s . i 
Date s t a t e of t i d e L o c a t i o n Group s i 
1976-'t7 '! , •  . i •'; 
8/12 ' LW+540 ^ 
i -^ . , • . • • .• . ' 
'Redcar Rockfe : V;5 • 
11/12 lW+115 • 'Redcal* Rocks ! 9 
22/12 LW+110 iRedcar Beach : - : 
23/12 LW+235 Red'car Rocks i Sing l e 
17/2/77 LW+130 Redcar Rocks Sin g l e 
9/3 HW+440 Redcar Rocks 
11/3 HW+545 Redcar Rocks 
19/3 LW+210 Redcar Rocks 
22/3 HW+430 Redcar Rocks S i n g l e 
5/4 LW+215 Redcar Rocks Single, 
12/4 HW+300 Redcav Rocks: Sin g l e 
18/4 LW+230 Redcar Rocks 
25 /4 LW Redcar Rocks Sin g l e 
1977-78 
14/10 LW .. Redcar Rocks 
16/10 HW+330 Redcar Rocks 3 " 
18/10 HW+545 Redcar Rocks Single 
20/10 LW+:30 , South Gare Sands 40 
27/10 LW+:20 Redcar Rocks 7 
10/11 Redcar Rocks 2 
15/11 i i i l - l l 5 Redcar Beach 25 
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L o c a t i o n 
Redcar Rocks , ' 
Redcar Rocks ] 
South Gare RocUs 









. (Coatham Sands) 
iRedcar Rocks 
Redcar Rocks 




24 South Gare Sands 
South Gare Rocks 
South Gare Sands 84 
South Gare Sands 15O 
South Gare: Rocks 







A p p.endix 5^ 1 ,. 
Si g h t i n g s f o r L/R Y during the 1976-77 wintef-
(ringed as a nuveriile on 5/2/1Q77V: 















•LWf 2^ 16 
j •'LW^ 130' 
•fliW+200 
Redcat Rocks . ' 















-Group s i z e 
35 ^ 
'•(]-• 
I ,f .. 
..•. 








Ap pendix 5.»5 
S i g h t i n g s f o r R I . d u r i n g 1 9 7 5 - 7 6 1 9 7 6 - 7 7 
and 1977-78 w i n t e r s . S G- South iGare. : 





































L o c a t i o n 
S G Rocks 
S G Rocks 
S G Rocks 
Group s i z e 
S G Sands 
S G Rocks . 
S G Rocks 
S G Rocks 
Transect 5 
(Coatham Sands), 
S G Rocks,• 
S G Rocks 
Main Roost 





S G Rocks i / 
Redcar. Rocks '< 
S G Sands 
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ft , . 
Date St a t e of t i d e L o c a t i o n ' / Gro 
1977-78 cont. ' " ( 1;'" -1 
5/12 HW+130 S G Rocks 
16/1 HW+130 S G Rocks 
22/1 LW+245 S G Rocks 
25/1 LW+250 S G Rocks 
28/1 HW+435 •S G Rocks 
LW+135 S G Rocks 
8/2 LW+110 Redcar Rocks 10 
20/2 LW+215 • S G Sands 24 
2/3 'HV^ i1^ 30- S G Sands. , 37 
HW^ ji|,5 • S G Rocks 
9/3 ; •iWf-2p5';iy • ^S G Rocks 
22/3 • ;lw+H3o . ^ • S G Sands' 46 
12/4 Hw+:22o S G.Rocks 
18/4 : ' LW+345 S G Rocks 
' ' • • • \ , ^ ' ' . , 240 
Appendix -,5.6 Aspects o f Turnstone b r e e d i n g ecolog.y a t 
V a l a s s a a r e t . F i n l a n d . 
1. I n t r o d u c t i o n • 
' • :. . i-' • • • 
i - l l ' ^'^fjfudies o f -i^he b r e e d i n g e c o l o g y / b i o l o g y o f 
V . an u n d e r s t a n d i n g o f f a c t o r s d e t e r m i n i n g 
l a y i n g ; sche:^^^ 1959 s s ^ ' l i S B , Parmelee 
' 1970, HoirtieW 1971; and 1972, •TJlililiiint' m/Bt- and Norton 
1972), . t h e choice, o f n e s t i n g h a b i t a t and n e s t , . s i t e s 
• . ( H l l d e n 1965,. Burger e t . ' a l . 1978) and the m o r t a l i t y 
' .: which' occurs on-the b r e e d i n g grounds ( S o i k k e l i 1967, 
• , . • 1970. and. 1973 and Parmelee 1970). Some emphasis has 
been g i v e n to. t h e f p r a g i n g behaviQur o f b r e e d i n g wader 
' p o p u l a t i o n s wl-fch r e g a r d t o t h e use of space 
( t e r r i t o i f i a l i t y • co.mmunal: igrounds f o r f o r a g i n g e t c . ) 
(Holmes and P i t e l k a , 1 9 6 8 ) D e t a i l i n g t h e ' f o r a g i n g 
b e h a v i o u r should h e l p cla:pi'fy t h e p r e s s u r e s ' ( e . g . ,< / 
p r e d a t i o n , f o o d , d i s t r i b u t i o n e t c . ) which u l t i m a t e l y 
d e termine spacing and t h e ' s o c i a l system' c^f the 
b r e e d i n g p o p u l a t i o n . , 
Turnstone n o s t in^ a r c t i c Canada, Greenland, 
n o r t h e r n Alaska, N o r t h e r n ]:urope and S i b e r i a ( T e r r e s 
19B1). B i r d s o c c u r r i n g i n B r i t a i n b e l o n g t o two , „ 
d i f f e r e n t groups (Branson e t . : a l . 1979),v Those Turftfetone 
•which s t o p t o accumulate f a t r e s e r v e s ,oh t h e i r v/ay, t o 
A f r i c a ' a west coast (autumn passage) breed i n Fjlnland 
and elsewhere i n N o r t h e r n Europe. B i r d s w h i c h , w i n t e r 
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i n B r i t a i n and a l o n g t h e A t l a n t i c coast o f sbut-west, 
Europe breed i n Greenland and n o r t h - e a s t .Canada. ; j; , 
S t u d i e s o f Turnstone b r e e d i n g ecology havp n o t been j 
e x t e n s i v e ; t h e most t h o r o u g h account b e i n g p r o v i d e d I 
by N e t t l e s h i p ( 1 9 7 3 ) . T u r n s t o n e on t h e i r b r e e d i n g 
grounds, as w e l l as on t h e w i n t e r i n g grounds,, Wave: a 
l a r g e s e l e c t i o n o f food s t u f f s i n c l u d e d ' i n t h e i ' r 
d i e t (Beven & England J 9 7 7 ). The number o f foo'd 
s t u f f s and the te c h n i q u e s w i t h which t h e i r food i s 
ga t h e r e d g r e a t l y reduces p o t e n t i a l c o m p e t i t i o n w i t h 
o t h e r wader s p e c i e s . 
My s t u d i e s o f b r e e d i n g Turnstone on t h e 
A r c h i p e l a g p o f . V a l a s s a a r e t , F i n l a n d , focused on t h e 
f o r a g i n g ' b e h a v i o u r ' s o c i a l i n t e r a c t i o n s and' t h e 
d i s t r i b u t i o n ' i i o f n e s t i n g i r t d i v i d u a l s . The very 
• . d i f f e r e n t MehaviiDural attd e c o l o g i c a l c o n t e x t s o f 
•^jWinter s u r v i v a l and summer b r e e d i n g d i s c l o s e s 
V a n f o r m a t i o n :'regardihg p a t t e r n s o f s o c i a l behavipwr 
a:nd t h e p r e s s u r e s r e s p o n s i b l e f o r such behaviour. 
, •Here I d e s c r i b e the. summer s i t u a t i o n and c l o s e w i t h 
3; comparisbn o f summer an(^ w i n t e r pressures and the 
ef f.ects they have on t h e i d i s p e r s l o n o f the b i r d s . 
2 . J J e s :c r i p t i o n' d f t h e A r c h i p e 1 ag o 
• I' 
:, D u r i n g t h e Gummern; o f 1976 ( 2 6 / 5 t o 13 /7) 
and 1977 ( 1 8 / 5 to 24 / 7 ) 1 s t u d i e d a Turnstone p o p u l a t i o n 
b r e e d i n g on the A r c h i p e l a g o o f Valass a a r e t ( l a t . 63°25'N 
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and lO,ng.,21°4'R) The a r c h i p e l a g o i s s i t u a t e d beyond 
t h e coastal,:-town o f B j p r k o b y , i n the middle o f the 
" . Quark, thi9 n a r r o w e s t ' p o r t i o n o f the G u l f o f B o t h n i a 
. - ( F i g . . 1 ) J s'lflxce.pt f o r .the southeast s i d e , t he 
'1, jV .archipisla^gd' i s surroupded by open'.sea. A d e t a i l e d 
; '; : •:,;'description; o f the, a r c h i p e l a g o i s p r o v i d e d by 
; ; / H i l den ( 1 9 6 4 ) , who a l s b made .extensive s t u d i e s o f the"* 
;: a v i f a u n a (1964,, 1966 ims>). V a l a s s a a r e t ' s 
r a v i f a u n a has ;been p r o t e c t e d s i n c e 1948 and t h e f i r s t 
account o f b r e e d i n g b i r c i s was p u b l i s h e d by T a x e l l i n 
•1934.. „. f , 
' ; The 1 archipelago.: ;,consistS'of , seven main i s l a n d ; 
and app,roximately ,6,,p s c a t t e r e d i s l e t ^ , , s u i t a b l e f o r , 
n e s t i n g b i r d s , Mosjt pre-|l!aylng f e e d i n g a c t i v i t y took 
p l a c e on t h e main i s l a n d s ; o f S t o r s k a r and Ebbskar • • 
(see F i g . 1 ) . The s h e l t e r e d coves o f Tormeokrokep, 
Antonskroken and Karingsund '('Fig. 2) p r o v i d e s u i t a b l e 
f e e d i n g h a b i t a t f o r Turnstone; durinjg t h i s . ' p r e ^ l a y i P g 
p e r i o d . These coves, b e i n g s h a l l o w , p r o t e c t e d , and' 
w i t h mud-ooze bottoms, serve as b r e e d i n g areas for. t h e 
c o n s i d e r a i j l e c h i r o n o m i d ( D i p t e r a ) p o p u l a t i o n s ' .'; 
( P a s s i v i r t a 1972) ^  ; ; '• '[ 
3. Methods > 
• 1 .. 
•! .• 
D u r i n g t h e summer o f 1976 a g e n e r a l survey o f 
t h e a r c h i p e l a g o was made. A census area was chosen on 
th e west s i d e o f the i s l a n d group.i The m a j o r i t y o f 
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-Pigure :^  •  \: 
•A. The I s l a n d group o f V a l a s s a a r e t . 
i-;. • ; I r n p o r t a n t i s l a n d s and i s l e t s o f 
t h e study: ' 
1!; : L j u s g r u n d 
2;. • Worderstoren' 
3:V: Ebbskar 
4U. S t o r s k a r 
5.' T u o r e l a r e v 
6.:: •Ka'ringbada 
7. .:Xttre Oxgrynna 
8. lianggrynna 
'••hi ', ' .. • ". 
9. ., i B u l l e r g r y n n a , i 
10. Bredb^da , 
b. L o c a t i o n o f , t h e i s l a n d . g r o u p ' o f 
V a l a s s a a r e t (boxed area) w i t h i n 




'.y ' ii^:'' : - j;;> 
t'' ;• 
• F i g u r e 2 ^ j 
, L o c a t i o n , o f f e e d i n g ' o b s e r v a t i o n s . 
• ' , Lined^ areas s h o w ' l o c a t i o n o f 
i Tanytarsu s 'graci 1 entu s. Holmgr, 
"' 'I • • , • , ' ' , • - . ,• 
' • : a f t e r P a a s i v i r t a ( 1 9 7 2 ) . 
Cov,os: ,(1) Torilieokrpken., , 
Y • I ( 2 ) /intonskroken, 
• ; ( 3 ) , Karingsunf^. 
CM • 
247 
,:! •; -i 
d a t a p r e s e n t e d here are from t h e o b s e r v a t i o n s d u r i n g 
t h e summer o f 1977. 
, On each v i s i t t o the census area ( s e v e r a l 
d a i l y ) on,ev o f two c i r c u i t s was f o l l o w e d ( F i g . 3 ) . 
'Observati9|)i^hwere: made ,along t h e c i r c u i t s t o determine 
t h e a c t l v l t p ^ f i p a t t e m s and l o c a t i o n o f f e e d i n g 
indivi'dOa|.B^ ^^ ^^ ^^ ^^ ^ S i g h t i n g s ;of a l l p r e d a t o r s were noted.. 
.,; . ;•,'' .'observations .on f e e d i n g . r a t e and time spent 
' ;• i n a c t i v i t i e s , oth'ter t h ^ n f e e d i n g (e.g. , s u r v e i l l a n c e 
and a g g r e s s i o n e t c . ) were designed t o d i s t i n g u i s h any 
d i f f e r e n c e i n , tVie f e e d i r i g behaivour o f males and 
females^ O.bservations q u a n t i f y i n g f e e d i n g s u b s t r i ^ t e 
and f e e d i n g r a t e s were made; As i t was n o t p o s s i b l e 
t o d e t ermine each success or the s p e c i f i c food items 
taken,,j tlr^e r a t e ' j o f ,contact:, ( p e c k s , "probes o r r o c k -
t u r n i n g / m i n u t e ) w i t h , t h e ffcedihg s u b s t r a t e v/as ' 
measured.. To determine advantages gained from f e e d i n g 
w i t h a b i r d ' s mate or near con s p e c i f i c s , Isriieasured ' 
t h e p o s t u r a l b e h a v i o u r o f t h e , f o r a g i n g i n d i v i d u a l . 
S i x movements ( o f v a r y i n g i n t e n s i t y , and used,to 
determine "v/ariness" o f t h e ' b i r d ) were s e l e c t e d 
( T a b l e l ) , and t h e i r frequency measured.' -Taped 
commentaries were made o n . f o r a g i n g i n d i v i d u a l s , n o t i n g 
t h e frequency o f each o f t h e s i x p o s i t i o n ;and t h e ,: 
f e e d i n g r a t e s . I n t e r a c t i o n s amongst , c o n s p e c i f i c s wei*e 
a l s o n o t e d . These commentaries were suspended on 
26/6 1977. • :. : ^ ' 




F i g u r e 3 . ' : . ."• :^; l 
Main c i r c u i t s f o r census 'and 
d i s t r i b u t i o n s t u d i e s , 1977. 
Coves: ( l ) Torraeokroken, 
(2 ) Antonskroken, 
; ( 3 ) Karingsund. 
i:: %. 
• i s -
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• D e s c r i p t i o n o f ' ^ i x p o s i t i o n s , measured during 
feeding Observataions. . / v. l 




K e a d - T i l t 
Neck-Stretch 
Crouch 






; 'The biij^'d brings i t s head 
' up to a h o r i z o n t a l p o s i t i o n , 
not i n t h r e a t I and cle.arly 
away, from the 'feeding,,: 
' ^ surface. '^'Ll^' t 
The b i r d briftgs i t s ' h e a d • r 
: up and remains s t a t i o n a r y . 
• The b i r d bringsi the head 
up and turns the neck, 
through 90° or more. J; 
The b i r d brings; the, head 
up, and then: , t i l t s the, neck . '> 
so that one: eyei is, looking ' 
up into the, sky. • ! ^ ' • 
The bird, Stretches the!body 
and neck'j upwards. . Most ; 
/common When feeding behind 
rocks or i n rushels^ ; 
S i m i l a r to an aggressive 
posture but i n the: context 
a c t s as a f l i g h t ; .intention 
movement. ;'' . 
* P o s i t i o n s represent an i n c r e a s i n g degree of wariness, 
• L't> 
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a t V a l a s s a a r e t d u r i n g t h e p r e - l a y i n g p e r i o d ^nd the' 
l a y i n g and i n c u b a t i n g p e r i o d s . ; 
Aspects o f b r e e d i n g b i o l o g y were s t u d i e d oi'n 
th e main i s l a n d s and on s e v e r a l s u r r o u n d i n g i s l e t s . ^ -
On Y t t r e 0;xgrynna (see F i g . 1), exten'de'd p e r i o d s d,f 
o b s e r v a t i o n s were made from a p o r t a b l e h i d e , 4. t o t a l 
o f 250 o b s e r v a t i o n hours were made on Y t t r e Oxigrynna 
i n 1977 o f which 50.hours were spent o b s e r v i n g ( p a r e n t a l 
care and a t t e n t i o n o f eggs and f l e d g l i n g s . Of'the 
20 t e r r i t o r i a l Turnstone on Y t t r e Oxgrynna, 15 were 
e a s i l y r e c o g n i z e d by c o l o u r e d r i n g s o r head p a t t e r n s 
(See Perns 1978). 
' ''.The l o c a l t i o n o f n e s t s , l a y i n g and h a t c h i n g 
' . schedulesV. ( t e r r i t o r y s i z e and defence behaviour were 
\H.L ^monitoredv.:;'Qbservati6ns were made t o e s t a b l i s h t h e 
;i; , . t e r r i t o r i a l ' boundaries:'of n e s t i n g Turnstone. The 
r ^ behavi6u.r> o f d e f e n d i n g i n d i v i d u a l s was observed. 
^ A f t e r - each ;observ;ational s e s s i o n , a l l p o i n t s o f 
: t e r r i ' t o r i a l contsict and ' d i s p l a y were placed on a map 
i o f t he area and' used t o • (^etermin e s i z e o f t e r r i t o r i e s 
' and l o c a t i o n o f shared boundaries. i 
4. R e s u l t s •' • • , ' 
4a. , Feeding behaviour , j ; 
The 1977 o b s e r v a t i o n s on .feeding behaviour 
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.seven c a t e g o r i e s , t h r e e each f o r males and females and 
...•a seventh,'taken' s o l el.y from Y t t r e Oxgrynna (males an.(i-
.females combined and r e p r e s e n t i n g b i r d s f e e d i n g w i t h i n 
• ' t h e i r b r e e d i n g t e r r i t o r j ^ ' ) . A part from t h i s f i n a l 
•category , a l l o b s e r v a t i o n s are; o f b i r d s ' . f e e d i n g i n the 
communal coves and ; o f f t h e i r b r e e d i n g t e r r i t o r i e s . 
The Hoad-Up and Pause p o s i t i o n s , '•are analyzed 
i n d e p ^ n d i ^ n t l y i n . Table 2 w h i l e the Look-Around, 
H e a d - T i l t , N e c k - S t r e t c h aVid Grouch be h a v i o u r s h&ve been 
groiuped. A l t h o u g h comparisons between c a t e g o r i e s .^ ; 
f o r a g i v e n behaviour are' n o t a l l s t a t i s t i b a l l y . 
s i g n i f i c a n t (due t o a l a c k o f d a t a ) , t r e n d s are 
p r e s e n t . For females, t h e percentage o f t i m e spent 
f e e d i n g i s g r e a t e r when f e e d i n g w i t h c o n s p e e i f i c s 
or w i t h t h e i r mates than when f e e d i n g a l o n e . I n a l l ' 
rows, t h e male's d i s r u p t i o n d u r i n g f e e d i n g - i s g r e a t e r 
when f e e d i n g w i t h i t s mate o r , i n the absen.ce o.f ' .\ 
c o n s p e c i f i c s . Due t o t h e s m a l l sample,; s i z e s I . have ' 
not a t t e m p t e d t o s e p a r a t e . t h e o b s e r v a t i o n s i n t o those 
where o n l y the p a i r was p r e s e n t from those where a 
p a i r was f e e d i n g hear o t h e r c o n s p e c i f i c s . (Somb; o f 
t h e male's wariness may be a s s o c i a t e d w i t h p r o t e c t i o n 
o f t h e female from o t h e r males.) Females are only 
very r a r e l y seen f e e d i n g on t h e i r own. 
Table 3 p r e s e n t s a s i m i l a r a n a l y s i s as t h a t 
shown i n Table 2 b u t r e f e r s to members o f t h r e e f e e d i n g 
p a i r s . Again, these o b s e r v a t i o n s were on i n d i v i d u a l s 
f e e d i n g I r i i t h e communal coves. For a l l t h r e e s e t s o f 
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: f;; ^  £eediiig_:performance f o r p a i r s . 1977 o b s e r v a t i nni 
Pemale Male Female Male Female Male 
t?§ISnS'°" '4.0 ' 14.8;; 14.2 12.5^ 5.1 10.8 
^ ^ - ^ I l ' ' 1.4 3.5 
'pM ' : f 4.5 ; , 5.7. . 7.2 5.6 15.0 
Look-Arouna 0.8?; 1.6 i 0.8 3.0 0.6 4.4 e t c . per/mm ? I • ^'^ 
^"olW °-V i - ^ - ^ • '2.0: 10.0 27.0 
A g g r e s j i c . 0 0 ! o ' 0 ; ; 0 ^ 0 . , 
Eeedirig r a t e 55 42 '79 64 ' 28 15 per/rain , ; 
fit t o t a i " ^ ^^'^ ^^'^ ^ ^ ^•'^ ^^-^ 30.0 • 62.9; 
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i - )• 
o b s e r v a t i o n s b o t h male and female wore f e e d i n g on • 
c h i r o n o m i d s . A l t h o u g h t h e r e v i s no s t a t i s t i ' c a l s u p p o r t 
f o r t h e c o n c l u s i o n s , t h e t r e n d s are c l e a r i n each case. 
The female spent more t i m e on f e e d i n g , ^  as opposed tO' 
a g g r e s s i o n or i n t h e Pause p o s i t i o n , than t h e :male, : 
P o t e n t i a l p r e d a t o r s were seen th r o u g h o u t the study 
p e r i o d ( T a b l e 4 ) aad e l i c i t e d s t r o n g responses from thJe 
Turnstone. , . ; 
4b. Chironomid swarms-effects on Turnstone d i s t r i b u t i o n 
and b r e e d i n g b e h a v i o u r . • ; ' , 
Ghironornid are t h e dominant group w i t h i n the 
macroscopic bottom fauna o f t h e coves a t V a l a s s a a r e t 
( P a s s i v i r t a 1972). W i t h i n f i v e days a f t e r t h e b e g i n n i n g 
o f emergence, 9 1 % o f the t o t a l number o f Tanytarsus 
' g r a c i l e n t u s . (-Holmgr) had emerged i n one t r a p and 59% 
i n another:'((^•ata f o r 1968, P a s s i v i r t a 1972). P a s s i v i r t a 
found that':|i«. 1^68, the swarming o f t h i s species 
i'ocourred, from 30/5 t o 4/6. The speo'ies has a very 
d i s t i n c t .pea,k o f a v a i l a b i l i t y . The l a r g e number o f 
Turnstone which f e d ir) t h e coves d u r i n g the p r e - l a y i n g 
season d i d so i n response to the i n c r e a s e i n chironomid 
numbers. These d i p t e r a n s • compris.ed a t r a n s i e n t food 
source, l o c a l i z e d i n t h e COVPS. 'Sexual and t e r r i t o r i a l 
b e h aviour a t t r i b u t e d ' H o b,.irds abou;t t o breed n e a r l y 
ceased when t h e swarms were, a t t h e i r peak. There was a 
general-, susponsion o f b r e e d i n g behaviO|Ur w i t h many 
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P o t e r i t l a l ' ' p r e d a t o r s ' p r e s e r i i j ; on t h e ArchipGla,R;o 
o f Valassaaret...' ! • 
The p r e d a t o r s l i s t e d here are f p r a d u l t 
Turnstone o r t h e i r eggs and, young. S i g h t i n g s c o n c e n t r a t e d , 
on Y t t r e Oxgrynna and the p r o t e c t i o n t h e Turnstone r e c e i v e d 
from t e r n and. g u l l s (althoug.k. g u l l s are also: Beeh as : ; 
















1815 V / h i t e - . t a i l e d Eagle ahove StorsH'ar. . , . 
Osprey and female K e s t r e l seen.' ,': . V,; 
0600 Hawk Owl near K^ringsund. : \\.' • ' " i 
0700 Hooded CroW. a t Antonskroken, chased 
by t e r n s . : ' • ;, 
2000 Hawk Owl a t Tormeok'roken, ho,'Tutrnstone , 
p r e s e n t . ' , ' ; '• 
1400 Y t t r e Oxgrynna,- two Hooded 'Qrows, 
chased by g u l l s and te r n s > ^ , • ' '^ , ' 
1720 Hawk Owl h u n t i n g . a t KaringsU|nd, no 
Turnstone p r e s e n t . , ' 1,, 
1150 Ten Hooded Crows at, Ka'ringsUnd. 
1000 Hawk Owl a t Antonskr'oken, Kedshank 
not b o t h e r e d . 
0900 Hobby h u n t i n g at Kcfringsund, d r i v e n 
away by s e v e r a l t e r n s . 
1200 H a r r i e r (Marsh ?) over Tormeokroken, 
chased by t e r n s . 
Honey Buzzard seen, few on m i g r a t i o n 
u n t i l 10/6. 
l250iHawk Owl f e e d i n g a t Tormeokroken. 
Osprey over Kairingsund. 
Sho r t - e a r e d Owl and two K e s t r e l s . 
.Goshawk seen by .Lighthouse. 
0850'Hawk Owl and M e r l i n seen a t Tb'rmeokroken, 
no Turnstone seen. Both b i r d s b e i n g chased 
by t e r n s and g u l l s . 
1,600. Grea:t Black-backed G u l l a t Tormeokroken, 
bfeing chas,ed by t e r n s . 
1630 Hooded Crow a t Kci'ringsund, being chased 
by Turnstone, the f i t B t time o f the season. 
S h o r t - e a r e d Owl o f f ,Karingsund ( n e s t i s 
n e a r ) , b e i n g chased r e l e n t l e s s l y • b y g u l l ^ 
and t e r n s . ' • 
2400 Y t t r e 'Oxgrynna, A r c t i c Skua causing 
commotion.' 
?]()0 Yttrci'Oxgrynna, A r c t i c Skua over i s l e t , 
pu t o f f by t wo t ern s. 
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9/7 1100 Y t t r e Oxgrynna, A r c t i c S k u a U t t h e end 
o f t h e i s l e t , by .Rider chicks,.; d r i v e n o f f 
by s e v e r a l terns.,. 
2100 Y t t r e Oxgrynna, Common G u l l b e i n g 
a t t a c k e d by t e r n s . 
10/7 1000 Ospre^y over Y t t r e Oxgrynna, Common 
G u l l s and t e r n s d r i v e i t away, 
11/7 1130 Y t t r e Oxgrynna, Common G u l l overhead, 
t e r n s a l l r i s e up. 
1230 Three Common G u l l s l o a f i n g on Y t t r e 
• Oxgrynna, put o f f by t e r n s . 
; • .'•; .2200 Osprey above Y t t r e Oxgrynna, d r i v e n ; 
'' o f f by a s i n g l e tern.and. a s i n g l e Common 
Gull;. • • . , 
1300 Y t t r e Oxgrynna, t h r e e Common G u l l s 
overhead, d r i v e n o f f by t e r n s . 
1400 Y t t r e Oxgrynna, Common G u l l overhead, 
t;erns r i s e and a t t a c k . 
1.030 . Y t t r e Oxgrynna,, Hooded Crow overhead, 
d r i v e n o f f by s e v e r a l t e r n s . 
0700 Y t t r e Oxgrynna, Great i31ack-backed 
Gui'l''overhead,, d r i v e n o f f by s e v e r a l t e r n s . 
07Q0 Young Hawk Owl over Y t t r e Oxgrynna^**' 
. d r i v e n o f f by tV:?rns. 
1100 Great'Black-backed G u l l over Y t t r e 
- CXgrynna, • (plriven o f f by t e r n s . 
. 1400 A r c t i c Skua over Yttre.Oxgrynna, 
d r i v e n o f f ; by t e r n s and Common G u l l s . 
1700 H e r r i h g G u l l takes young Scaup from 
the water :at. Tormeokroken . 
.iFemaie; .K e s t r e l . f o u n d dead and eaten, ' 
hanging from an Alder t r e e . 
:17/7 '1700 " y t t r e Oxgrynna'i t e r n s chase Common G u l l 
I \ '1.800 Y t t r e Cxgrynna,.'Hooded Crow chased by 
: .. te r n s ' a n d .Redshank. 
'2'l/7 1200':Yttre Oixgrynna, 'tvlfb Hooded Crows ' 
chased by terns'. : . '' . 
'23/7 1800 Y t t r e Oxgryhna, flooded Crow chased 
by Common G u l l s . . 
14/7 
16/7 r 
t e r r i t o r i e s l e f t d e s e r t e d . • 
The advent o f t h e chironoraid swarms^ i'n ;l'ate 
May t o e a r l y June a l t e r e d the. f o r a g i n g ' behaviour o f ' t h e 
Turnstone. At t h e . t i m e o f t h e swarms, Turnstone • ' 
sw i t c h e d from f e e d i n g i n t i g h t p r o t e c t e d p a i r s t o f e e d i n g 
i n c o n c e n t r a t e d groups. The g r e a t e s t f e e d i n g A c t i v i t y •• 
f • 
was a t Karingsund'. There was an i n f l u x ; o f Turnlstone 
f e e d i n g i n the communal coves w i t h t he i n c r e a s e ' i n the 
swarms ( F i g . 4 ) . T h e . f i r s t day of major ch i r o n o m i d 
a c t i v i t y , was May 26, 1977. By June 1st enormous 
swarms were p r e s e n t . I n c l e m e n t weather reduced the 
chironomid's a c t i v i t y on .June 3, and on the 4 t h of ; 
June t h e e n t i r e a r c h i p e l a g o was engulfed by heavy 
*^:f l,' ' downpour's^n^^^he l a r g e s t numbers o f Turnstone i n the 
n.f.' ^ \ . ih% : : 
coves app^atl^d on June 5. A marked decrease i n t h e 
'^  : 4:-'.presenoe, of.'chi t h e 6 t h o f 
•/-i 'June. A t ' t h i s t i m e , Turnstone u s i n g t h e coves a l s o 
" decreased and c o n t i n u e d .to do so u n t i l June 12th when ' " '• ', • ' • .. • . 
, • . . • * •> I v i r t u a l l y no Turnstone were found i n Karingsund. 
'Despite the: occurrence off l a r g e swarms o f 13/6, few 
, Turnstone-; foraged i n the icoves.. By 2/7 t h e r e was, a 
n e a r - t o t a l disappearance o f Turnstone from Ka'ringsund 
.y (19/6 f o r Anlonskroken and 22/6 f o r Torrneokroken). 
J I n Figi. 5 the use of Karingsund by. s i n g l e 
maleis, s i n g l e t'ema'.Les a n d - p a i r s i s vSb.'own, • At nO' tiniG 
were s i n g l e females common.: S i n g l e males may r e p r e s e n t 
unmated i n d i v i d u a l s , mates o f females who are a t t h e n e s t . 
Figure 4 
Numbers bf Turnstone feeding i n 
the coves, 1977. S o l i d l i n e - b i r d s 
feeding i n Karingsund. Broken 
l i n e - t o t a l f o r Tormeokrokeni, 
Antonskroken, and Karingsund; 
A l l numbers are averages for a l l ; 
counts of any p a r t i c u l a r day, 
; • ' , r - • •.; • : . ; I 
Arrows: ',' 'i 
^ Moderate chirondmid a c t i v i t y ' 
I Heavy chironomid a c t i v i t y ! 
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Figure 5 
Numbers of Turnstone feeding i n 
Karingsund,' 1977• Numbers! are 
averages f o r counts over three day-
periods,, the f i r s t being 18/5 to; 
20/5. Open area o f the histdgram-
s i n g l e males, s o l i d a r e a - s i n g l e 
II 
females, and diagonals- b i r d s i!n 






or members o f ' p a i r s !who n e s t e d u n s u c c e s s f u l l y . On 30/5 
1977 moist^ o f th(?:-. T u r n s t o n e ' p r e s e n t „on Y t t r e Oxgrynna 
were; females. I t i ^ , l i k e l y ! t h a t rhostl, o f t h e males '• 
were s t i l l f e e d i n g i h the'boyes. ; W i t h i n , t h e l a r i d 
c o l o n i e s o f Y t t r e Oxgrynna t h e females c o u l d feed " 
and s t i l l have p r o t e c t i o n from p r e d a t o r s , near t h e 
l a r i d s . Turnstone from Y'ttre could be seeu f l y i n g i n 
t h e d i r e c t i o n o f t h e coves ( F i g . 6) There was,no , 
p a t t e r n t o t h e b i r d s ' l e a v i n g . Birds' ceased l e a v i n g : 
t h e i s l e t once l a y i n g began. The ,date o f t h e f i r s t 
egg f o r c l u t c h e s on Y t t r e Oxgrynna'was fi^om June; 1 ! 
t o June 9 ( T a b l e 5 ) . Once l a y i n g began t h e b i r d s 
spent a l l t h e i r time on Y t t r e Oxgrynna'.,; ' ;', 
4c, Main i s l a n d s , vs. i s l e t n e s t e r s U-
B a s i c d i f f e r e n c e s o c c u r r e d between b i r d s 
n e s t i n g on t h e main i s l a n d s and those n e s t i n g on t h e 
i s l e t s . D i f f e r e n c e s i n c l u d e d t h e amount o f • s e p a r a t i o n 
t o l e r a t e d ( d i s t a n c e ) w i t h i n a p a i r , t h e f e e d i n g area 
used by t h e n o n - i n c u b a t i n g p a r e n t and the Turnstone's 
! p r e d a t i o n ; O n ' . l a r i d ' eg^^s. These d i f f e r e n c e s were due, 
i n p a r t , i'o,; sttecessary v o c a l c o n t a c t and t h e food 
: resources., kv'ai!lable i n the d i f f e r e n t areas. 
I , , ;; 'For those i n d i v i d u a l s n e s t i n g on the main 
; i s l a n d s t h e coves were: sti, 1 1 - a v a i l a b l e f o r f e e d i n g once 
l a y i n g began. B i r d s c o u l d f e e d i n the coves and s t i l l 
communicate w i t h t h e s i ' t t i n g mate. The o p p o r t u n i t y f o r 
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Figure,. 6 
Numbers of Turnstone l e a v i n g 
Y t t r e , per hour. 
LTN. 
.1 ., 1 
• .1" •' 
- Ji ! .1 ' i • • ?' 
j n o q j e d / s p j i q |o JequunN 
26'6' 
TABLE 5 
laying data for }9772 
Nest S i t e F i r s t Egg Hatching B$gun liatching 
Y t t r e Oxgrynna'^^ 
1 7/6 30/6 ; 
2 V6 : 29/6 1/7 
2/6 — 28/6 
^ 6/6 . 29/6 3/7 
6 • 9/6 29/6 6/7 
8 8/6 — 5/7 
'•'••9.'' .  . ''Mr' 1/6 / 27/6 ' . 28/6 
10' ' 3/6 • : : — 30/6 
•Tuorelar'ev'^'^ ' 7/6 , : ' j 29/6 2/7 
'Prior to 
• Tuorelarev. 2/6 27/6 28/6 
Karingbada • lV6 j • 9/7 11/7 
P r i o r to 
K'^ringbada - J ^ * ' 16/6 f^ 8/7 
Br^e db?Ldagrynna 11/6 — i 
''^  Nurabers^ r e f e r to the t e r r i t o r y in which these p a i r s 
were found, on Ytitre. 
Three egg n e s t s . ,/ ! ' ' 
•s^ * Two egg n e s t s . ' \ 
A l l other n e s t s had complete c l u t c h e s of foUr eggs. 
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v i s u a l o r a u d i t o r y cominuriicatioT] between members of. a 
p a i r h e l p s t o determine the amount o f 's p a t i a l : separavtion 
t h a t i s t o l e r a t e d . Care o f t h e n e s t and o f the young 
i s done j o i n t l y and n e c e s s i t a t e s c o n s t a n t communication.' 
B i r d s n e s t i n g on the main i s l a n d c'on'iiinued t o " 
u t i l i z e t h e cove areas o f TdrmeokroKen and Antdnskroken, 
a l t h o u g h they d i d n o t p e n e t r a t e as f a r "as d u r i n g the 
p r e - n e s t i n g p e r i o d , 'i^hese b i r d s m a i n t a i n e d f e e d i n g 
t e r r i t o r i e s a l o n g t h e opening o f the coves. The 
coloured-marked b i r d s o f these areas (Table 6) were 
f r e q u e n t l y seen wi,thin t h e coves a d j a c e n t t o t h e i r 
nesting'ax'ea.s.; When i approached a n e s t , t h e i n c u b a t i n g 
• I n d i v i d u a l l i . ijvlew s e v e r a l metres from the n e s t , c a l l i n g 
i n territi;!).^*.|:'al defence. . T h i s caused t h e mate f e e d i n g 
;,• I n the ; co.yW''to r e t u r n . ;The d i s t a n c e s from i s l e t s t o 
; coves wfere 'too g r e a t f o r communication t o be' p o s s i b l e 
.between .an i n c u b a t i n g and c o v e - f e e d i n g i n d i v i d u a l . 
L a y i n g . d a t a f o r 1977 has been presented i n 
Table: 5. I t s h o u l d be rioted t h a t the t i m e spread i n 
l a y i n g and h a t c h i n g on Y t t r e Oxgrynna ( l / 6 t o 9/6, f o r 
t h e f i r s t egg and 2|3/6 to,'6'/7 f o r h a t c h i n g ) was 
c o n s i d e r a b l y s h o r t e t than, f o r a l l . ' t h i r t e e n n e sts 
f o l l o w e d •)( 1/6 t d 16/6 f o r t h e / f i r s t egg and 28/6 t o 
11/7! for hatching).', j. ) a t a - o n . ' i n d i v i d u a l l y marked b i r d s 
are'' p r e s e n t e d i n Tables 5 and 6. 
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Nest i o c a t i o n Date Ringed; Sex: Weight,g B i l l Wing 
;(mm) (mmT 
Y t t r e Oxgrunna . -
I s : 
p' Females 





1 22/6 P : 100' :25 J 
2 17/6 p i 103.5': ;22,! : 157 
2 26/6 M 116 :24 ; : 159 
3 24 /6 F lOil- ,:24 \ 157 
23/6 M 110 , :;v;24 161 
5 1^/6 M 10 8 ' ' 'f ' 23 ' 15^ 
25/6 P 108 • 24, ;! 160 
7 22/6 M . 102 23 ],rl53 
8 2J^ /6 M 106 23: 
9 ^ 25/6 M 104 23 : 154 
10 26/6, • M 108 23 159 
Tuorelarev 16 / 6 Ivl 96.5 25 153 
P r i o r to 
Tuorelarev 13/6! ' M , 9^ 25 159 
Karingbada ' ; 22/6 : F 9^ 23 152 
102 23.6 156.6 
94-108 22-25 152-160 
105 23.7 156.2 
9^-116 23-25153-161-
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4d. T e r r i t o r y size, t e r r i t o r i a l b ehaviour and t h e 
'Head-Bob 
\: jjt|Gi'nsiderarig, t h e t o t a l area u s e d ' f p r n e s t i n g 
' t e r r i t o r i e ' s ; - \ ^ t V a l a s s a a r e t (4.4 km ) and a .Turnstone 
populatibh|,^;f a p p r o x i m a t e l y 160 p a i r s , breeding, 
i d p n s i t i e i ^ ' w e r e 36 .8 p a i r s / k m ^ . (Compare t h i s w i t h 
'the 3.t)4 p a i r s / k m ^ found by N e t t l e s h i p (1973) a t 
Camp ,Ha2Gn, .N.W.T., . Canada.) . 
:  The! l o c a t i o n q'f a l l n e s t i n g species on Y t t r e 
/nna i s , shown i n Pig;.;'?. The average s i z e of^ 
Turnstone t e r r i t o r y ^ on Y t t r e Oxgrynna was 769 m 
, (1306;. pairs/km.^',). w i t h a range o f i42'm^ t o 1939 m^ . 
• Vegetatio-n map^ • If o r , two Turnstone t e r r i t o r i e s ,on. 
Y t t r e Oxgrynna are'^hown i n F i g . 8.' '.-The e n t i r e >area 
o f t h e i s l e t was eneorporat'pd' i n t o t h e t e n ,Turnstone . 
t e r r i t o r i e s . T h i s appeared'to,be•the s i t u a t i o n on a l l 
i s l e t s which I v i s i t e d . T e r r i t o r i a l defende was very 
s t r i c t . I n t r u d i n g Turnstone were immediately .recognized' 
and d r i v e n from t h e i s l e t . - R e l a t i v e l y l i t t l e i a l e r i a i 
c h a s i n g o f a v i a n p r e d a t o r s by t h e Turnstone occurred,' 
due t o the l a r i d s ' e f f i c i e n c y i n d r i v i n g p r e d a t o r s - o f f . 
Both members o f the p a i r engaged, i n t h e defence' 
o f t h e t e r r i t o r y . Throughout t h i s p e r i o d t h e r e c o n t i n u e d 
t o be much communication between the male and female. 
The c a l l o f t h e g u a r d i n g or i n c u b a t i n g member immediately 
r e t r i e v e d i t s mate, AlthougVi t h e female engaged i n 
a e r i a l a t t a c k s a g a i n s t b o t h p r e d a t o r s and o t h e r Turnstone, 
5; 
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'H} • ' '':•'• ' il"i-'> 
r X. l-^' • ;'^  • , • ^ J v;: 
'• \ 
Figure : 7, 
Location of a l l nests |0n Y t t r e . 
Squares-i Turnstone 
Small dots-. Tern ( A r c t i c and 
Common) 
Large' dots- Common G u l l s 
^ •' ' '. 
i^lack; Guillemot 
t - ; .y ' Tufted Duck 
3- • ' Scaup . 
e - ': ; : E i d e r ; | 
w- V/agtail 
r - i . • ' Redshank ; ^ 
V- Velvet Scoter • 
wt-. Wheatear : 
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F i g u r e 8 ( a , b ) . \, 
Vegetation and n6st l o c a t i o n on 
Turnstone t e r r i t o r i e s , i ( a ) and 





i' 'i • ,, j _ chamaenerion 
rocks 
• >:•!; - sand, ' 
jGR- Guard Rock 
X- Turnstone nest 
s(- Scaup 
tU Tufted Duck ' 
r-' : Redshank 
,e- Eider 
#- , Common G u l l 
• :'Tern (Alrctie and Common) 
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she o f t e n i n c i t e d t h e male t o a t t a c k w h i l e she remained ;,' 
g u a r d i n g t h e n e s t . D u r i n g 19.7 hours o f o b s e r v a t i o n s , 
19 a e r i a l a t t a c k s were r e c o r d e d . Of t h e s e ' a t t a c k s , 
f o u r were d i r e c t e d towards l a r i d s (two by each a male 
and female Turnstone) and f i f t e e n were d i r e c t e d towards 
i n t r u d i n g Turnstone ( s i x by t h e t e r r i t o r i a l female and 
t h i r t e e n by t h e t e r r i t o r i a l male). 
; . . • ,• :, ; , A c t i v i t i e s such, as t e r r i t o r i a l w a r n i n g were 
^' i • • • i i: f-i;' • • • . 
j I • :•. c e n t r e d abo-ji^t t h e ' g u a r d r o c k s . These were l a r g e rocks 
^rl-': U'|i' r ' ^ : - ; • ' ' , . • I'fiHy . ' ' 
which p r o v i d e d .good vantage p o i n t s . The young were 
o f t e n k e p t c l o s e t o these r o c k s . I n t e r r i t o r i e s 2 , 5 ,4 , 
' • •6, and, ,.10 (see F i g . 7):' t h e nest s i t e s and guard rocks 
/•[ . ^ } -Were the; same.' • ' • ,.- ... • 
: | • The p a r t i c u l a r d i s p l a y o f Head-Bob (Bergman 
1 r 1946) g r e a t l y m o l l i f i e d ; ^ p o t e n t i a l l y h a r m f u l a g g r e s s i o n . 
•Head-Bobbing o c c u r r e d between two males, two females 
;,' ,or w i t h ' a s many a s i f i v e . i n d i v i d u a l s a t t h e boundaries 
' o f t e r r i ; t o r i e . s ' and on t h e communal f e e d i n g areas. , The 
be h a v i o u r a l s o o'ccurred between members of a.'pair, as • ., 
a g r e e t i n g f o l l o w i h g an clggressive, ehco unt er wi'th an • 
i n t r u d e r o r l a r i d . N e i g h b o u r i n g p a i r s would Head-rBob 
t o g e t h e r when o f f t h e i r t e r r i t o r y ( n o t so'when non-
n e i g h b o u r i n g raemebers met) ; Those s e t s o f p a i r s which ^ • 
engaged i n the Head-Bob d i s p l a y are shown i n . F i g . , 9. 
On s e v e r a l occasions when two males, s h a r i n g ' t e r r i t o r i a l ^ 
b o r d e r s , put o f f an i n t r u d i n g Turnstone,'they r e t u r n e d 
t o t h e i r b o r d e r s and began Head-Bobbing t b g e t h e r . There 
were many i n s t a n c e s when two 'or t h r e e n e i g h b o u r i n g ;'' 
l i l t 
J .;; ',, 
I- 5' 'I 
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F i g u r e . 9^-
: Combinations o f . t e r r i t o r i a l b i r d s 
• p a r t i c i p a t i n g in| Head-Bobbing., 
L i n e s ponnect t e r r i t o r i e s that . 
engaged i n the' Head-Bpb display.' 






tolos would j o i n t l y , d r i v e ^ a n i n t r u d i n g i n d i v i d u a l from 
the;, i s l e t . Upon th | e i r r e t u r n they wou I d o f t e n Hpad-
Bob .together,! 
4e..:- : C l u t c h s i z e arid h a t c h i n g success ! 
Eight e e n n e s t s were found' i n 1977 (Table 7 ) . 
Three n e s t s had two eggs. At Y t t r e Oxgrynha^ n e s t 
number 5 was d e s t r o y e d on 14/5; i t i s n o t known i f , i t 
was completed or n o t . ' ' . ' : ' .. . 
A l l the young o f . any one: .nest hatched, on; t h e 
same day. On Y t t r e Oxgrynna, nest.'6 had 'hatching t i t l e s 
o f 1420 t o 2100 hours and n e s t 9 had h a t c h i n g times d f 
1000 t o 2100 ho u r s . The c r a c k i n g o f s ' l i e l l s was;' 
extremely v a r i a b l e . Of the 31 eggs followed,. ,2^' began 
c r a c k i n g two t o f o u r days b e f o r e h a t c h i n g . 0 n c $ : c l u t c h 
o f f o u r showed no s i g n s o f c r a c k i n g 24 hours b e f o r e 
t h e y hatched and a n o t h e r c l u t c h o f f o u r began c r a c k i n g 
seven days b e f o r e h a t c h i n g ! 
4 f . I n c u b a t i o n 
.' ' ' ' 
IS:G.;.t;.much d a t a were c o l l e c t e d , on , the i n c u b a t i n g 
r o l e ^ s . o f m$,i,e,,and female. For eleven n e s t s , 71 spot 
redords. •werb-.madj^i, mainly' between the hours o f 0800 and 
;2.300. d f .those s i g h t i n g s , 46 were o f the female a t t h e 
n e s t . J j u r i n g the f i r s t .seven ,days of i n c u b a t i o n t h e r e 
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.I*or days'8- t o 14, 18 o f t h e 24. s i g h t i n g s were f o r . 
• •, [ p% ' ' 1 . • • ' •'• 
females. ; | i ) l | f i n g t h e p e r i o d o f the 15th day' u n t i l 
hatching^;?24;of. t h e .39;.; s i g h t i n g s were o f : females. 
i : . • . • ) . ' ' • ilv'v; Y . •' .'• ; • ' . 
. r ' ; ' Gontr'aryV;!tQ'the s u g g e s t i o n t h a t females i n c u b a t e from 
' ' . . • ' . ' ' f ' . . • .', ' . ' 
sunrise., t o ,''1500 or. 1700 hours and males the r e s t o f 
• • •'the day • and^'night (Bergman 1946)-, no d i f f e r e n c e s coul<i'' 
b§ d e t e c t e d f o r variou.s, t i m e s of the day. D i f f e r e n c e s 
w(j)re seen in .';individual! .pests. At no tes-p did the 
male do t h e m a j o r i t y o f ' t h e i n c u b a t i n g . At nest.'l 
.(Yttre..Oxgrynna) t h e male was.never seen on the n e s t , 
a l t h o u g h ; i t was seldom' absent from, t h e t e r r i t r o y . The 
male y/as! very r b a r e l y seqri , a t ' nes't., 3' ( Y t t r e O'xgrynn.a) 
although, seldom ab.sent frpm the area'. . 
4g, The young and t h e e f f e c t s o f V e g e t a t i o n 
V i / e i g h t s , growth and, b i l l ' l e n g t h of'[ftie youn.g 
are p r e s e n t e d i n Table 8. The young were capable o.f 
l e a v i n g t h e nest on t h e day o f hatching.. . On : Y t t r e 
Oxgrynna the nest was used f o r much o f t h e f l e d g i n g 
p e r i o d . The young were taken' to areas where they .c'.duId 
f e e d on c h i r o n o m i d s , .They u s u a l l y f i r s t v e n t u r e d j O u t 
t o feed w i t h t he male, who pecked a t t h e i r f e e t w h i l e 
they i m i t a t e d . Prom a l l o b s e r v a t i o n s , ohironomids were 
! 1 
•• •• • 
t h e main food source f o r t h e young b i r d s . This'' had a 
g r e a t i n f l u e n c e on where t h e a d u l t s took t h e young and 
on the o v e r a l l use o f the t e r r i t o r y . Chironomids were 
a c t i v e on/about Hubus and Chrysanthemum, even d u r i n g 
TABLE Q , I'-:' 
Grow.th of colour-marked Turnstone iyouhfe, 
1977. ^ ; ; -'r'- l': ' 
Age, i n days Weight, i n g B i l l l e n e t h i in cm:!;Number measured 
' : ' ; ' • ,i[,22- • 
2 










Day of hatch 11.8 1.10 
1 11.8 1.14 
• 2 ^ 13.0 1.22 
3, 14.5 , 1.33 
4 21.0 1.43 
6 • 28.0 1.61 
7 31.2 ; 1.62 
8 > 38.0 . 1.62 
11 . ,39.3 1.78 
12 40(2 • 1.78 
14 45.0 1.83 
16 : 56.0,; ' • 1.85 
17 57.5 1.90 
18 ; 58.0 L 1-94 





incXement weather. ,/.Durin(z; the, f i r s t ' d a y s a f t e r ' h a t c h i n g , • 
t h f l .young had t o r e l y on t a k i n g food from; t h e ground. 
W i t h i n t h r e e t o f i v e days they were^ taking?; fo'od,. from'. , 
p l a n t stems and l e a v e s . At ; t h i s time they'; s t i l l , had ,' ' . 
some d i f f i c u l t y i n o b t a i n i n g moving chi r o n o m i d s . I t ' ; ' 
was t h u s i m p o r t a n t to have an area where t h e y.,pung,'.'; ' »: ' 
c o u l d f e e d on s t a t i o n a r y d i p t e r a n s . I n the more dense ' ;' 
v e g e t a t i o n where enough warmth was trapped'and prdt'ection' ' 
p r o v i d e d f o r . t h e c h i r o n o m i d , young b i r d s ,could f e e d . ' 
even on r a i n y days. , .,|!'| • ' .: 
4-h. Breakdown i n t e r r i t o r i e s and t e r r i t o r i a l ' : ) ^ e h a v i o u r 
, I , 1 . . 
•• •.! ,•• 
• T e r r i t o r i a l b e h a v i o u r of Turnstone i s known 
t o d e c l i n e w i t h t h e oAset o f i n c u b a t i o n ( K e t t l e s h i p 
1973) and d u r i n g t h e f l e d g i n g p e r i o d (Beven & England 
1977). The s i t u a t i o n i s markedly d i f f e r e n t on t h e 
i s l e t s . As t h e b i r d s are c o n f i n e d t o t h e t e r r i t o r y 
a f t e r .hatehing- has, o c c u r r e d , t e r r i t o r i a l b e h a v i our 
continuedU;'?i^t has a l s o been s t a t e d ( W e t t l e s h i p 1973 
and Beven ;^.:a')ngland 197,7) t h a t the female l e a s e s e a r l y 
;on,' during';;the f l e d g i n g , p e r i o d . This, was n o t t h e 
'situation.'a-t V a l a s s a a r e t . The p a i r n e s t i n g beyond 
Tormeokroken was i n t a c t 19 days a f t e r i t s two ,,young •»•• 
had hatched. I n many t e r r i t o r i e s the female; played 
a n ' a c t i v e r o l l i n c a r i n g |for and p r o t e c t i n g t he young. 
At n e s t . I ( Y t t r e Oxgrynna!) i t was the female t h a t ' 
remained l a s t w i t h ^he young, .the male being seen l a s t ; 
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on 2 3 / 7 , 19 days a f t e r t h e young had h a t c h e d . 
The s i t u a t i o n on Y t t r e Oxgrynna was g r e a t l y 
d i s r u p t e d by a s e r i e s o f severe s torms ( l / 7 t o 4 /7) : 
which, 'f lO(^,ded much of• t h e i s l e t and p r o b a h l y d e s t r o y e d 
• many o f ; ij|e:\'y^ The d i sappea rance o f t e r r i t o r y 
' ; h o l d e r s d n i Y t t r e Oxgrynna i s shown i n F i g . 10. Nest 
•5 was j l ' e s j rdy f i c} ; (preda^^ on 1 5 / 6 . I t was t h e l a s t 
i t e r r i t b i r y : ,,to he' e s t a b l i and t l i e s m a l l e s t . Nest 7 . 
' ;was d e s t r o y e d by ' f l o o d i s on 1/7. Male 5 remained u n t i l 
; 22/7v d e f e n d i n g h i s t e r r i t o r y w i t h the s t r i c t e s t ; 
r. i t Q r r i t o r i a l b e h a v i o u r . W J-Iis mate remained u n t i l 8 / 7 , 
• a l t h o u g h ;she • spent muchr t ime o f f the i s l e t . Male 7 
r ema ined u n t i l ' 2 1 / 7 , , showing f a r l e s s t e r r i t o r i a l 
defence, and s p o r a d i c a t t e n d a n c e . \ „ H i s mate was n o t 
seen ^ f t e r t h e . d e s t r u c t i o h o f t h e n e s i . S e v e r a l 
b i r d s ' s h o w e d s p o r a d i c a t t (?ndance, e s j i e c i a l i y a f ; t e r 
thq: s t o r m s . ,^ ' ' ! ' ^ • • ' . , 
Only p a i r s 1 and '8 had :any r e m a i p i n g young: 
( two and one r e s p e c t i v e l y ) on Y t t r e i Gxgrynha 'on 15 /7 . 
Bergman (1946) r e p o r t e d t h a t young T u r n s t o n e ' a r e a b l e 
t o swim a f t e r t e n days and .thus cou ld move to ; o the r , 
• i s l e t s . Given t he weather a t t he t ime ' , t f i e c u r r e n t s , 
and the d i s t a n c e needed t o r e a c h the main, isl,cand, , : th is ' 
seems u n l i k e l y f o r Y t t r e Oxgrynna , , By tlVe end o f thp 
s t u d y , 2 4 / 7 , o n l y two t e r r i t r o . y h o l d e r s remained On ; 
Y t t r e Oxgrynna . On - t h i s day , male 4 was seen on the 
main i s l a n d i n a g roup o f f o u r T u r n s t o n e . At t h i s t i m e , : 
T u r n s t o n e g roups o f f i f t e e n o r more were fo rmin 'g i n 
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F i g u r e 10, 
D a i l y ' atttendance.i o f t e r r i t o r i a l ' 
•Turnstone on : Y t t r e ' . . Any two 
c o n s e b u t i v e days o f a t tendance" 
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many a r e a s . ' . ' • :i • 
On 12/6 j t h e f i r s t o f the i n t r u d i n g l;i])rnstone 
began t o appear on Y t t r e . T h e i r presehoe reSu l te 'd i n 
a g g r e s s i v e e n c o u n t e r s . , By 4 /7 t he number o f i n t r u d e r s , 
m a i n l y ma le s , had g r e a t l y i n c r e a s e d . T e r r i t o r y h o l d e r s 
c o u n t e r e d by ' c o - o p e r a t i n g ' i n p u t t i n g these b i r d s o f f . 
One i n t r u d e r , i d e n t i f i e d by a m e t a l r i n g , f i r s t appeared 
/ a t t e r r i t o r y , 2 , on 7/7.,- The male o f t e r r i t o r y 2 was -
•absent fro;ihr;;^/7 t o - 1 2 / 7 ' . The i n t r u d e r was' very 
: submissivo | ; i t ) iH spent most o f t h e t i m e a t t he w a t e r -
p edge, w h e r e ^ p t e r i - i t o r i a l d e f ence was n o t so i n t e n s e . 
J;Over t h e / h e x t seven days t h e i n t r u d e r had moved t o 
' ; ' . t e r r i t r o y :9i;, r e m a i n i n g f submiss ive and f eed ing i n 
t a l l e r v e g e t a t i o n . Even though n o t c o m p l e t e l y 
• t o l e r a t e d by-male 9, , t h e M n t r u d e r would pu t o t h e r 
Turns tone o f f t h e t e r r i t o r y . Male 9-. was n o t seen ^on 
Y t t r e Oxgrynna on t h e J u l y ; 1 8 o r 19. D u r i n g t h i s 
, p e r i o d , t h e i n t r u d e r i t o o k tO' t he guard r o c k and began 
d e f e n d i n g ! t h e . t e r r i t o r y . On my l a s t • v i s i t to^ . Y t t r e 
Oxgr;ynna, J u l y 24, t h e i n t r u d e r , was' s-!fcill ^present and 
d e f f i n d i n g t h e t e r r i t o r y . : ' ' ' • . , 
4 i . T u r n s t o n e i n t e r a c t i o n s w i t h l a r i d s , ; 
• • . i , • • 
T u r n s t o n e o n l y nes t ed i n a reas where l a r i d s 
a l s o n e s t e d . T u r n s t o n e and l a r i d s h a d many s i m i l a r . • 
n e s t i n g r e q u i r e m e n t s . L a r i d s p r o v i d e d p r o t e c t i o n t o • 
b i r d s n e s t i n g w i t h i n t h e i r c o l o n i e s . Turnsto ne are- , V • ' 
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ve ry a g g r e s s i v e towards t h e l a r i d s , e s p e c i a l l j ^ i g u l l s . 
Bo th g u l l s and t e r n s o f f e r p r o t e c t i o n f r o m p r e d a t o r s . 
G u l l , however , pose a t h r e a t as p o t e n t i a l p r e d a t o r s o f 
eggs and young . ( I n 1976 I w i t n e s s e d a Common G u l l 
c a r r y o f f a Redshank c h i c k f r o m Y t t r e O x g r y n n a . ) 
T u r n s t o n e a re capable o f p u t t i n g g u l l s o f f t h e i r 
y t e r r i t o r i e s . 
Al^, V a l a s s a a r e t , Turns tone e x p l o i t t h e eggs o f 
. i a ] j " l d s . , ' iimfele o p p o r t u n i t y e x i s t s f o r Turns tone t o 
,r : | 1^ ;;:;:destroT/,::l,;a:ii',id .nests.^ L a r i d s do n o t r e a c t t o Turns tone 
!' f | i r ^as an ienem^',; as, t h e y would c rows , 'skuas e t c . Terns 
/• ; ' , : f would o c c a s i o n a l l y ; bomb' a Turns tone i f i t approached i t s 
; • ; ; /nest , , b u t t h i s was uncommon and n o t a p r o l o n g e d attac"!^'. 
: . , • I ' u r n s t o n e spent . t ime w a l k i n g about t h e i r t e r r i t o r y 
. ; .and they .appear t o know; jA'here l a r i d n e s t s i a r e l o c a t e d . 
I ' u r n s t o n e would f l y d i r e c t l y t o a nes t t h a t was t o be 
' : e x p l o i t e d . I .witnefssed • one Turns tone pu t a t e r n o f f i t s 
n e s t !when the, t e r n r e t u r n e d t o i t s h a l f - e a t e n eggs. 
T u r n s t o n e w i l l t a k e ' eggs 'Of . a l l agesK One Turns tone 
d e s t r o y e d an egg f r o m t h e ' n e s t ' o f a Coramon G u l l , 
s evered t h e head o f t h e T;4: t o 16 d a y - o l d . embryo arid .,. 
removed the body . The male .Turnstone i n i t i a t e d the ; 
o r i g i n a l d e s t r u c t i o n o f the h es t ( o f a l l these wi tnes sed ) , . 
I t would o f t e n s tand guard w h i l e the female, \\''ould ' ', ' 
c o n t i n u e t o f e e d . G u l l s ' n e s t s s u f f e r e d heavy d e s t r u c t i o j i ' 
f r o m T u r n s t o n e , o f t e n l o s s i n g an e.ntire, t h r e e - Q g g : • 
c l u t c h a t one t i m e . , • 
The degree t o wh ich Turnstone, e x p l o i t - l a r i d 
•*', • \ t ^'. i. 
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eggs i s h i g h l y v a r i a b l e a t Valassaare t , . Of areas'. . 
v i s i t e d , e x p l o i t a t i o n on Y t t r e Oxgrynna and La^riggrynna ,; 
was p a r t i c u l a r l y heavy . L a y i n g da ta and egg ,h'isappearance 
f o r l a r i d s on Y t t r e Oxgrynna a r e p r e s e n t e d in; ' .Table 9. 
T a b l e lOa-c summarizes t h e p r e d a t i o n . o n t e r n and g u l l 
eggs a t Y t t r e Oxgrynna , and a comparison f o r those 
two g r o u p s , r e s p e c t i v e l y . There i s n o t ev idence t o 
suggest p r e f e r e n t i a l r o b b i n g (between t e r n and g u l l 
n e s t s ) by; T u r n s t o n e ( 'Figs. . 11 and 12().. No s i n g l e ; 
iii ^ r ' ^ ' j i V ,'• l a y i n g peiPi'Od p r o v i d e d a g r e a t e r chance o f success f o r 
,, ' , t e r n nestp,!-'|^a. e . , • swa!mping t h e p r e d a t o r i n . t i m e was 
| ' , ; - n o t su^ccf^^sfur^ F i g i 15;). Of those t e r n ne s t s whc ih 
; • s u c c c B s f u l l y produced young , 67% (8 o f 12) were l o c a t e d 
;/,;• i t i a • s i n g l ^ } T u r n s t o n e ' t e r r i t o r y ( P i g . .14). Tab le 11 
p r o v i d e s a summary f o r s u c c e s s f u l t e r n n e s t s on Y t t r e 
:;. O^cgrynna. , • ' • '. , 
• ',; , • . , • To i n s u r e tha t ; my presence d i d -hot c r e a t e a 
s i t u a t i o n i n W h i c h ' t he Tu rns tone c o u l d e a s i l y e x p l o i t 
t h e l a r i d s , .I,;set t h e i s l e t o f Langgrynna a s i d e as a 
c o n t r o l . ^ R e l a t i v e l y f e w ' • ' V i s i t s were made to, .the i s l e t 
d u r i n g t h e e a r l y s i a s o n . | , O r i g i n a l l y ' ^ 22 . g u l l n.ests' 
wei:e marked . Of t h e s e , f o u r produced 'young, n i n e weire 
c o m p l e t e l y d e s t r o y e d and t h e . f a t e o f t he r .emaining : 
n i n e n e s t s c o u l d n o t be d e t e r m i n e d . Of thosfe f i n a l >. ;• 
n i n e n e s t s , a t l e a s t two haci one egg d e s t r o y e d . Of , ;„ 
t h e o r i g i n a l t en t e r n ne s t s marked, n i n e were: .des t royed ^ 
and the f a t e o f one c o u l d no t be determin.ed. ' La t e r , i n . 
t h e season, s.i.x a d d i t i . o n a l n e s t s w'ere marked;^ tlone. ,of : 
i:; t ' 
289; 
TABLE 9 
L a y i n g d a t a o'f t e r n s • ( a V a n d ' f e d l l s (h ) | ' onV 'Yt t r e 
'Oxgrynna. ' • , " [ • ' : ' ; 
•1 !. 
Each n e s t i s i d e n t i f i e d t o i t s l o c a t i o n - on Yt t r i e ' Oxgrynna . 
The number o f eggs f o u n d i n each n e s t f o r each-;day 
obse rved i s g i v e n . I f , t h e n e s t ended i n no eggs o r 
-young i t i s i n d i c a t e d by ,0., Young a re r e p r e s e n t e d by 
Y . I t was n o t a lways ' p o s s i b l e t o d e t e r m i n e t h e outcome 
o f each nes t , ( e . g , ^ Tab le 9a, , n e s f 9 ) . 
• U' }. 
I" 'J 
• • ( >-
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41 42 • 43 
t 1 
1 1 
1 2 1 1 •i 
1 2 1 2 
2 2 1 2 1 
2 2 0 2 1 
1 0 2 1 2 
1 2 1 2 1 
1 2 2 2 1 .1 
1 2 2 2 2 1 1 
1 2 2 2 2 1 
1 1 
1 2 2 2 2 :2 1;; 2 
1 2 0 2 2 1 , t;- 1 
t 2 2 2 0 1 • 1 
0 2 , 2 2 1 • 1 
2 2 2 1 1 
2 2 0 1 
2 2 1 
.2 2 1 
2 0 1 
2 • 
•1, 2 
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TABLE 10a-c 
• S' . .'i ' 
'.I , . •iv,' 
Summaries o f h a t c h i n g - and' b r e e d i r f g success ' f o r 
t e r n s ( a ) , and g u l l s , ( b ) on Y t t r e p x g r y n n a , a n d ' - . , 
a cof ' ipar ison o f the^ two groups- ( c ) . [• ' ' ? • 
(Kgg. days p r o v i d e ; a;measure o f egg a v a i l a b i l i t y ,0 
P e r i o d s - D a t e - ' . '• ' • ' 
0 Kay 23-26 ' ' •, ; ' - .^ ^ 
1 May 27-30 . , ' . •' ' 
2 May ..31-June 3 ' | . .;; 
3 June 4-7 : • - - ' • . '^ 
4 ' June 8-.11 . ' | ' f 
.5 June 12-15. • ^ ' ' 
6 June 16-19 
7 June 20-23 . . 
8 June 24-27 
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E i g u r e 11 
•Ji! 
1 I.. 
The r e l a t i o n s h i p qt t e r r - \ . ( A r c t i c and 
Common) .eggs taken icompared . to t he ,^  
t o t a l l a r i c J eggs a v a i l a b l e ; and the ''. 
a v a i l a b i l i t y o f t e r n eggs ;,t:expressed 
i n egg d a y s ) . • T h e ' s o l i d l i n e i s the 
r ' a t i o y (expres'Sed i n p e r c e n t ) o f t e r n 
eggs taken to t o t a l l a r i d eggs t a k e n . 
The b roken l i n e r e p r e s e n t s the r a t i o 
o f t e r n egg days t o the t o t a l l a r i d 
egg days . , ' 
297' 
I I I I I I 
0 1 2 3 4 5 6 7 8 9 
L a y i n g per iods 
298 
Mi. 
••>. • !' 
- M i l - . 
'• iu'iii 
i'o^gifre:-; 12 
The. r e l a t i o n s h i p of- Common G u l l 
eggs t a k e n , compared t o t h e t o t a l ~ 
l a r i d eggs a v a i l a b l e and the a v a i l a -
b i l i i t y o f g u l l eggs (expressed i n 
.egg^days) . ' The s o l i d l i n e i s the 
• r a t i o ; ( e x p r e s s e d . i n p e r c e n t ) o f g u l l : 
eggs -taken t o t o t a l l a r i d eggs' t a k e n . 
The broken l i n e ,it?epresents t he r a t i o ' 
o f t e r n csgg days t o ,the t o t a l l a r i d 
egg d a y s , . ,.: ., • ,, ' :„ 
1^  I 
299 
100-1 
S I , ; ' 
0 1 2 3 A 5 6 7 8 9 
Lay ing periods 
f i g u r e 13 
300 
The t o t a l number 'of successful,.'tern 
n e s t s f o r each l a y i n g period-.(broken 
l i n e ) and the; t o t a l irtumber ^of' t f r n ' 
n e s t s s t a r t e d ' i n esicl^'^la-yii^^g ;pdriod;.i^ 
( s t o l i d l i n e ) . 'r ^  , ' ' "V / 
For dates o f t h e l a y i n g ' p e r i o d s , see 
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L a y i n g per iods 
Figure 14 
302 
The l o c a t i o n of t e r n i^ests .on .Ytllre. 
C i r c l e d nests repr,^'Sent t e r n hests 
which were' successfull. r ,, 
'•1 \. 
ll' i [• .} • ''• V •. • 
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TABLE, l i f ^ t v 
i?^iiimiiiary of successful t e r n nests on Ytt.re. 
-Successful 




Pound i n 
which-' 
T e r r i t o r y 
• I • Is-ti I , ,9 
: 8 1, 2nd' . .1','' 
ir : . - , 
'1 : , • • 
I 2nd' 
• l i i '".•] : ^ 2nd :'[ \ 
12 ,v • 3rd ';; 
• '•' •'.': .,1-; 
8-: '-', 
23 4tla ] ' ] ,:: 9. 
24 4th ' 
25 4t l i •: „ 9 
26 4 t i l . 9 
30 4th 9' 
31 5thL 
36 4th •'. • -.4. 
• T o t a l 
ITests 
43 
Hests • • 
B i r d -
DestrpyOd 
27 






* ? ' -
• . ' ' ' •. '- I ^  
; 2 U 
i 
* Periods 2-3-4 y i e l d e d 58o1?2^  of 
the t o t a l nests and 83.3/-^  of t h e ; 
successf'i:il nestso 
Turnetone t e r r i t o r y number 9 • 
yi e l d e d ,58.3/of nests which 
hatchedo 30,8^ ,' ,of the Tern nesta 
hatched on Yttreo'. (This f i n a l f i g -
ure does not jnclnde t he 2 nests 
destroyed by storms or the 2 nests 
f o r which the outcome was not knovm.) 
. . ' iV- , 505; 
these n e s t s produced young. 
On T u o r e l a r e v { c o n s i d e r e d as p a r t o f t h e main 
i s l a n d , Ebbskar),'23 t e r n n e s t s and one g u l l n e s t were 
marked. Of the t e r n n e s t s , e i g h t were d e s t r o y e d , t h r e e 
f a i l e d , t o , h a t c h , f i v e produced young and t h e outcome 
was nbt ' d e i t o r m i n e d f o r seven n e s t s . The s i n g l e g u l l 
f:iX.. • • ; : , iThy- : ' ^  , •' • .. • 
i i t ' ' •: nest, prodiifced one young , ( 2 4 / 6 ) . 
it.|;l; , , ' . J n i ; ' ' ' 
^:U' -1 . J.' , ' . • TpSh'Karingbada; s i x t e r n n e s t s were marked and 
. ' I ' : | ; ; • ; i .''i:, " ; • ' • ' : . 
: ; ''|. JV a l l prOd^uO^o^ young^. O f : t h e s i x t e e n g u l l n e s t s marke?d, , 
; ; • t h r e e were ,'destroyed by r i s i n g water ( d u r i n g heavy 
; Btorm!3) and! only ..one showed s i g n s .of predationV Two 
; / • TU'rnstone n e s t s were marked i n t h i s a rea, w i t h as many 
• as.; f o u r p a i r s ^ n e s t i n g oh ; Karingbada. TurT|stone n e s t i n g 
[ • i n t h i s : area had ac.cess • t o Antonskroken and d i d feed 
i n t h i s , cove. That.i;'Turnstone had, a marked e f f e c t on 
the tecpn ; p o p u l a t i o n is'shown by the dates o f the f i r s t 
o b s e r y c . d ^ f l i g h t :.in-..^ 'oung .ijern,' 19/7, on Y t t r e ^Oxgrynna 
and'13/7 on the maih isian.^ds'., . ; The ' f i r s t t e r n ' egg l a i d 
f o r i f o u r areas was: Y t t r e , dxgrynna, 27/5, Langgrynna,; 
27/5, T u o r e l a r e v 28/5 and Karingbada 29/5.\ 
The a d u l t Turnstone, continued t o ' e x p l o i t . t h e ' 
t e r n p o p u l a t i o n once t h e tern. ,eggs had hatche'fj. When 
a d u l t t e r n r e t u r n e d w i t h f i s h f o r t h e .young, ihale .• • 
Turnstone would take f i s h e i t h e r from the,, a d u l t s or. 
o f t e n from t he d e f e n c e l e s s chicks.^ The male Turnstone 
would f l y t o a rock t o feed or) the f i s h ; , ' The femaiC; 
Turnstone would o c c a s i o n a l l y f l y t o 'ja,an t h e inale,., 
and, a f t e r s l i g h t c h a t t e r i n g and a 'submissive', ,; , 
post.u're^' would ibe;.'allowed^to. ;feed:-or];,' the^ f 
5.^  m s c u s s i o n ; • , ; ' , '^ ; 
At V a l a s s a a r c t , t h e Turnstone b r e e d i n g ' 
p o p u l a t i o n u t i l i z e a few h i g h l y c o n c e n t r a t e d food ' 
sources. The occurrence o f t h e chirdnomid sWarms .' 
r e p r e s e n t e d a peak i n food abundance.,- These: swarms 
were l o c a l i s e d i n t h r e e coves. T e r r i t o r i e s were no|; 
h e l d , many e s t a b l i s h e d b e h a v i o u r a l p a t t e r n s broke'down 
(at t h e h e i g h t o f the' swarms), and m6,'bt i n d i c a t i o n s 
t h a t t h e p o p u l a t i o n was indeed b r e e d i n g (protejc'tipn , 
. , o f the mate, defence on the b r e e d i n g territor'|',i); were 
absent. P r i o r t o t h i s , , however, two weeks of; i f o r a i g i n g • 
i n these communal coves p r o v i d e d adequate for'aging, 
w i t h a minimum o f a g g r e s s i v e d i s t u r b a n c e . The presence 
of c o n s p e c i f i c s had a p o s i t i v e e f f e c t on the f o r a g i n g 
behaviour o f t h e Turnstone; a l l o w i n g b i r d s t o f e d 
„! • , ' . . w i t h le'sS': d i s r u p t i o n . . P o t e n t i a l . p r e d a t o r s were numerous 
'I I ' . and birds;, r>eacted. t o t h e i r presence. When f e e d i n g as 
-^.•;,'„ • \iHu ' ^ • ' . 
' , p a i r s , . ff^-ia^es b e n e f i t e d from the v i g i l a n c e o f i t s mate. 
;• .;':., The male' s .•.con.Btant. sca;,aning, l i m i t e d i t t o s u r f a c e 
v'•. f c e d i r i g . . l ' " r e e d from t h i s scanning, t he female could 
feed • behin4 l a r g e c r o c k s i n t he t h i c k e r v e g e t a t i o n 
and on prey w i t h i n the mud. ' I t has been shown t h a t ~ 
,,' .birds b e n e f i t from grou'p s i z e i n a v o i d i n g p r e d a t i o n 
; , . (Page & Whitacre 1975-aVid Kenwood 1978). i (.Predation 
o f a Turnstone by a.female K e s t r e l , one of the most 




- i i 
by McCullock (1960).) When f l y i n g i n t o ,a, cov'e-,-Turi)stone 
landed w i t h i n s e v e r a l , yards o f a c o n s p ' e c i f i c i T h i s 
was f o l l o w e d by spacing, " which reduced ?a:ggress,i,ve-
f^ncounters. When males o f two p a i r s came i n bo; c o n t a c t ; • 
w i t h one another they would 'Head-Bob ( o f t e n • i n c i t e d 
by t h e female) and aggression would seldom ocqur. 
One s t y l i z e d behaviour, w i t h body low and neck extended 
f o r w a r d ( s i m i l a r t o t h e Nod-Swim i n ' M a l l a r d s and a l s o 
a c t i v a t e d by an i n c i t i n g mate (see Lorenz (1951)), would 
a l s o stop, p o t e n t i e i l a g g r e s s i o n . B i r d s were thus 
p r o v i d e d 'wi,th • t h e bon o f i t o f c o n s p e c i f i c s i n t h e 
detection-kVi;''possible, p r e d a t o r s and u t i l i z e d b e h a v i o u r a l 
.rnechanism^j; ilihat, m a i n t a i n e d spacing and reduced a g g r e s s i o n . 
•',);,; ,'-; There appeared t o be spade r e s t r i c t i o n s i n 
t h e c hoice ;of nea.t s i t e s ( t h e l o w e r rocky-sand areas 
'^, where l a r i d s a l s o n e s t e d ) . , H.ere, b r e e d i n g d e n s i t i e s -
0;.f:' Turnstone reacihed t h t f l r h i g h e s t recorded l e v e l s 
( i n , t h e , a v a i l a b l e l i t e r a t u r e ) . On t h e i s l j e t s , a s i n g l e 
t e r r i t o r y served f o r b o f h b r e e d i n g and f e e d i n g . One 
t e r r i t o r y on Y t t r e (tixgrynn a shar.ed b o r d e r s w i t h f o u r 
o t h e r T,urnston,G t e r r i t o r l e f j . I n these areas, the Head-
Bob. di.spl'ay was '.the.msot cbinmon behaV|iour. and g r e a t l y 
reduced p o t e n t i a l a|;gresrri . b r i. .Aggression n o t o n l y 
decreased t h e time a v a i l a l J l e f o r maintenance a c t i v i t ' f j - s , 
b u t a l s o exposed t h e n e s t and, young t o p o s s i b l e ^predatiqn . 
from g u l l s . '• ' 
I t i s t y p i c a l f o r ' w i n t e r i n g Turns t.orie t o ' f e e d 
on open c o a s t a l areas, as i n t h e s i t u a t i o n a t ^ t h e Tees ? 
308 
1'^tr,' Mf;'' e s t u a r y (Jle^^it 1929, B^annerman 1960, and Beven & England 
1977).. ,Th'4/»''^ -^'^ '?'^ 'ti°" where b i r d s are 
often'.jqo.hflncd t o ,very s m a l l i s l e t s w i t h h i g h n e s t i n g 
•densiti,es, jmay hot, bei :as , r e p r e s e n t a t i v e f o r t h i s 
.•species.; M e t t l e s h i p ('1,973) r e p o r t e d a t o t a l o f t h i r t - f i e n 
o r f o u r t e e n p a i r s i n ,a'..,chesus area o f 240 h e c t a r e a t 
Carap 'Hazen', .Kllesmere i b i l a n d , N.W.T. Thip i s i n sharp . 
•contrast t o t h e very h i ^ h c o n c e n t r a t i o n o f nests,'at 
V a l a s s a a r e t . Turn^'tone, b r e e d i n g .at V a l a s s a a r e t , winter. 
i n A f i - i c i j i j w h i l e Turnst'one^ w i n t e r i n g on t h e Tees breed 
i n -Greeniand. ilowever, . I t . i S ' s t i l l i n f o r m a t i v e t o . 
' ' ' ' ' ' i ' . i i ^ • '^-r •• ••'' : " . , • ' 
d i £ 5 c u s s t h e d i f f e n l s n t "groups"' i n t h e i r d i f f e r e n t ' 
s e t t i n g s . i . ' . > , . ' , ' [ ' <• 
Due to t h e l o c a l i z e d n a t u r e o f the Turnstone',s 
food sources ( h i g h l y c o n c e n t r a t e d ) d u r i n g -'winter .and 
summer, and t h e l i m i t e d p r e f e r r e d n e s t i n g s i t e s , a t ,. 
V a l a s s a a r e t , some means o f ; r e d u c i n g p o t e n t i ' a i aggression 
i s necessary. The a b i l i t y ' o f Turnstone t o e x p l o i t ; 
temporary food sources and the r a p i d i t y with'Whjch 
i n f o r m a t i o n o f feed sources t r a v ( ? l s thr,ough the . , ',I 
p o p u l a t i o n has been discussed i n Chaptier 6. ^This,: 
may be due, i n p a r t , t o s o c i a l r o o s t i n g and the, . 
a t t r a c t i o n towards c o n s p e c i f i c s when se a r c h i n g . o u t 
f e e d i n g areas. Because o f the d i s t r i b u t i o n ^of the 
Turnstone's food source, e x c l u s i v e defence o f an area 
i s seldom p o s s i b l e . I n both w i n t e r and summer, 
s e v e r a l f a c t o r s f o r c e Turnstone i n t o c o n c e n t r a t e d 
a s s o c i a t i o n s . 
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tin-
• • i # | t h i n 'the b e h a v i o u r a l • r e p e r t o i r e o f the 
' ' ' ' • ' 
'.'l^urnstone>'f^|i6stores and c a l l s ) , a s i n g l e ; component 
dan haye -Hijfferen.t.meanings under, d i f f e r n t s i t u a t i o n s , 
• i n d i v i d u a l ;oomponents o f the; Head-Bob d i s p l a y o c c u r r e d 
d u r i n g , o t h e r d i s p l a y si;, ' The Crouch, p o s i t i o n was an ..'^  
'(exaggeration : o f t h e down' phase o f t h e Head-Bob d i s p l a y . 
Oh .the communal feedingi, poves, the Crouch^was a f l i g h t 
' i n t e n t i o n movement;^ on Y t t r e Oxgrynna i t a c t e d as an ; 
appease.ment gesturq;. D u r i n g . t h e up phase of t h e Head-
Bob, w i t h n e c j ^ ' ' f u l i y extended, the Neck-Stretch was 
used (se|:-. Table''1);,'-, The t a i l ' , i s i n the , dropped 
p o s i t i o n . , which is,'fassoc.i'ated .with , chasing, and 
ag g r e s s i o n when f e e d i n g (Groves 1978). The'mock- ,, ! 
preen i s ano t h e r component o f ^ 'the Head-Bob> Associated',: 
. • •' , • • • .' ' , j. 
w i t h t he Head-Bob, mock-pretjning approxim'aited appeasement. 
On the f e e d i n g grounds ( w i n t e r and'summer) , iT]ock-, j ' 
p r e e n i n g a i d e d i n spacing w i t h o u t r e s u l t i n g ' t;o aggr.essivd:. 
c o n t a c t . Mock-feeding was. a l s o a s s o c i a t e d w.ith t h e 
Head-Bob d i s p l a y , w i t h one or both b i r d s specking- '„ • '' ,< 
r e p e a t e d l y a t t h e ground or grass ^in th.l,s . r e d i r e c t e d , 
b e h a v i o u r . At the coirimunal cbves o f ,Yfilassaaret and t h e . 
wrack beds o f Teesmouth, mock-feeding O c c u r r e d , a f t e r 
an a g g r e s s i v e encounter and a s s e r t e d the v i c t q r ' s 
dominance. A l t h o u g h Groves does not mention t h e 
Ta i l - U p p o s t u r e d u r i n g a g g r e s s i v e encounters, 1 found 
t h a t when a s s o c i a t e d w i t h t h e Crouch p o s i t i o n , t h a t 
t h i s was an a g g r e s s i v e p o s t u r e o f the h i g h e s t i n t e n s i t y , 
both, i n the summer and w i n t e r . S o c i a l s t a b i l i t y i s 
510; 
a i d e d by b e h a v i o u r a l d i s p l a y s , which b r i n g a b d i j t a 
d i s p e r s a l p a t t e r n t h a t l i m i t s t h e number o f bi l r d s i n 
any one area. , , ; '; ' , 
I t appears, t h a t by a combination o f .Social 
c o n t e x t and p o s t u r i n g t h a t Turnstone are a b l e t o 
a c c u r a t e l y convey a s o c i a l message. S o c i a l s t a b i l i t y 
( ( i n , t h e form o f reduced a g g r e s s i o n ) i s aid e d by a 
••; widespread d i s p e r s a l p a t t e r n , when p o s s i b l e , d u r i n g 
4j; ,-,f5;,j. 1^^'.' , i , t h e win,te^!i.,,|^eeding, p e r i o d . One a d d i t o n a l , f a c t o r i n 
| | | ( ; . r o d u p i n g jttie ;amoun:t o f a g g r e s s i o n i s the. p o s s i b i l i t y 
: , ^ . :v: • ' , ' • . . 1 ; i • ' ' ' • ! . ,• . , .,• , 1 . ; •• • . ,.. I', 
^ ; : 5, 7 . : 0T i n d l y i d ^ i a l r i e o o g n i t i o n . B o r d e r i n g male. t e r r i t o r i a l 
•• • ) ' •' • • 'v' y. • ' . ' 
"'• •'>:^X [ I ' . J ( ^  ; holdersi;at'^Valass t o 'recognize one another 
.' ' ,• '. i : ; '(in t h a t th-ey . d i d n o t become a g g r e s s i v e l y i n v o l v e d 
..:;;,; w l t h ,on6 ' a n 0 t h r ) ' , oVon : 0 f f t h e i r t e r r i t o r i e s . 
' • • 1 • , , ' •' 
•] . ' . ; ' i f e r r i t o r i a l bi^f^lf^ rnay have behaved, d i f f e r e n t l y b u t 
.;; , ' . t h i s c o u l d n o t account fci)r t h e f a c t t h a t tihis. t o l e r a n c e 
d i d not' extend t o b i r d s 'from a t e r r i t o r y beyond a 
• [ b i r d ' s: b o r d e r s . ' , , : 
' \' I The ' f a c t o r s whiah, seem most 'important f o r 
Turnstone sel(.:ctioo;; o f b r e e d i n g h a b i t a t a r e : i ) the'' 
geo m o r p h o l o g i c a l type o f I s l a n d ; ,ii , ) . the. v e g e t a t i o n 
t y p b : o f the i s l a n d ; and i l l ) t h e occurrence o f l a r i d s . 
i J u r i n g the past 30 y e a r s , l a n d upheaval a t , V a l a s s a a r e t ! 
has r e s u l t e d i n an i n c r e a s e o f 50 h e c t a r e s , .The area 
has a l s o seen a l a r g e increase' i n bo t h l a r i d s ' a n d ' 
Turnstone. I n Bergman's 1946 monograph, he s t a t e s t h a t 
t h e Turnstone's p r e f e r e n c e f o r sparse v e g e t a t i o n i s 
due t o t h e i r s h o r t l e g s and locomotion technique's. 
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I ! ' -
Turnstone a r e amongst t h e f i r s t species t o i n h a b i t r i s i n g 
i s l e t s ' , ',, ' •' ' •: 
' ,- ;Se:veral species are known, t o n e s t w i t h i n l a r i d 
' . • •'.' '^h-r' \" . ' • • ' 
.- c o l o n i e s , •'llii^,htether'it- i s a c a s u a l ' r e l a t i o n s h i p or one 
' • ::]my ^ • ••• • • 
o f simi.lar>i>i4st.ing r e q u i r e m e n t s , has, n o t been w e l l 
1 • ' " • I '•' ' il^y •• I • • / ' 
1 establiis.he'dv A t Valas'saardt, H i l d e n (1964) has shown 
• •thSit for,,-s-fc^yeral '-species, e s p e c i a l l y Aythya f u l i g u l a 
'•a;nd A. m a r i l a , s t r o n g a t t r a c t i o n s t o nes t amon,gst 
' l a r i d s e x i s t e d . Koskima.e's (1^57) has suggested t h a t 
; t e t n s ' a r i d g u l l s m i g h t acii as a p o s i t i v e a t t r a c t i o n t o 
ah a r e a : ( a f e a t u r e , o f h a b l i t a t r e c o g n i t i o n f o r o t h e r 
species.),;, Bourget (•1973): ^  was. not ..able t o show t h e 
u l t i m a t e f a c t o r s which i n f l u e n c e e i d e r s i n s e l e c t i n t r 
b r e e d i n g ''sites; 'he ^ did show, t h a t a l l known e i d e r 
c o l o n i e s i n Maine a r e on .islands where. g u l l s a l s o n e s t , 
Ols^on (1951) has siaown t h a t i n P i n l a n d , when' e i d e r s " 
nested on i s l a n d s where gul].s nested, the percentage' 
o f n e s t s d e s t r o y e d by Hooded', Crows was l e s s than where • 
no g u l l s n e s t e d . . , • • . ', .. , 
Turnstone a t V a l a s s a a r e t e x p l o i t thf^; - l a r i d s ' 
a b i l t i y t o d r i v e o f f p o t e n t i a l p r e d a t o r s . They r a p i d l y 
l e a r n e d t o d i s t i n g u i s h l a r i d alarm c a l l s from', lari.ds,, 
a g g r e s s i v e c a l l s ; f o r the l a t t e r , birds'Would no,t. evftn 
come o f f t h e i r n e s t to, mount t h e i r guai-'d r o c k s , . ,. 
Turnstone d i d e x t e n s i v e damage t o l a r i d ; eggs at, , , 
V a l a s s a a r e t , They d i d n o t show sign s of s e l e c t i v e 
p r e d a t i o n between t e r n s and g u l l s . 'Egg, damage-, vias 
g r e a t e r on i s l e t s than on t h e main isl-.vnds, as were 
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'v" ^  '- l- r , 
I l l - l i l t 
t h e d e n s i t i e s o f n e s t i n g Turnstone. . |Turnston:ei are,. ' ..! 
extreme g e n e r a l i s t s and a r e known t o e x p l o i t unusual 
„ . , •,;.;!.,' ', ;.! • 
food sources, Turnstone have, been shown t o c^use ' 
i f . . .' ' 
l a r g e s c a l e d e s t r u c t i o n o f Royal Tern ( S t e r n a !maxima) 
eggs i n F l o r i d a ( L o f t i n & S u t t o n 1979). The a u t h o r s 
were o f t h e o p i n i o n that, t h e Turnstone were a t t r a c t e d 
t o t h e "densely packed mass o f a d u l t Royal Terns s t a n d i n g 
i n the c o l o n y , r a t h e r ' t h a n t o t h e eggs themselves". 
Turnstone, predatio'n on Common Tern eggs has been noted 
• '•, by Parkes\vet. a l . (1..971).. They r e p o r t e d t h a t the • 
• . V movemeno s^1o|'"the Turn^stonc- d i d not appear t o be random, 
' •' ' '' li rfi ' • ' • ' . • • ' 
'. ,bu:t, "seettfeid'-to, be f o l l o w i n g a d e f i n t e i t i n e r a r y " . 
• I : ;:'•' ' . 1 ' uf,'^''' '.'\:', ' :'•,: ' . 
'5; |:: C r o s s i f l ; ahd-Huber (1970) r e p o r t e d ;bhat s e v e r a l Turnstone 
•'i' Vj '• . [ i ' • ' • '', . 
a t t a c k e d ' t h e n e s t of an i n c u b a t i n g Sooty Tern (S. f u s c a t a ) . 
•';; T,he i n c u b a t i n g ' b i r d was,able t o ward the Turnstone o f f ^ ' 
' T e r n s - i n t h e .colony raadQ'at most a f-^cble a t t e m p t t o 
'.•••',••."'•' • ! ' ' ' • • . ' 
: : expel' t h e Turnstone f r o i i i j t h e i r colony. i 
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